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DOUBLE-HYBRID NASTURTIUMS IN THREE COLORS 
Frontispiece 


Double flowers from three plants showing the extreme range in the color of the 
flowers from light primrose ‘(lower center) through golden (upper right) to dark maroon 
(upper left). The new double-flowered nasturtiums all trace to a yellow double form 
introduced a few years ago under the name of Golden Gleam. This was from a garden 
in Mexico, the origin of the double form being unknown, though the double form is 
said to have come from Spain. Since the nasturtium is a native of South America it is 
interesting that the double form should have been brought to America as an introduction. 
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INHERITANCE OF DOUBLENESS IN THE 
FLOWERS OF THE NASTURTIUM* 


H. Eyster and Davin BurPEE 


IN FULL 


BLOOM 


Figure 1 
A typical plant of the double-flowered Golden Gleam nasturtium at the height of 


the blooming season. The single 


nasturtium 


has long been a stand-by of the home 


gardener. This new form produces much more showy flowers, and not only that but the 


flowers are also fragrant. 


The production of double-flowered nasturtiums in the full 


range of colors found in this species was accomplished in record time through a com- 


bination of modern genetics and modern transportation. 


The crosses between the yel- 


low double form and the colored varieties were made in Pennsylvania and in California. 
The F; plants were grown in Pennsylvania, California, Argentine, Australia, and Puerto 
Rico. In this way many months were saved in the production of double flowered forms 
in the full range of colors found in this species. 


HE Nasturtium, Tropacolum ma- 
jus, is a native of South Amer- 
ica, and occurs most frequently 

in the mountainous regions of Brazil, 
Colombia, and Peru. This species was 
cultivated in Europe as early as 1864, 
and now is widely grown under cul- 
tivation in many countries in the North 
Temperate Zone. 

The stems and leaves of 7. majus 
are decidedly succulent. The more or 


growth and tend to climb over support- 
ing structures or over other plants to 
which they attach themselves by means 
of their peltate leaves. The leaves 
have an orbicular or undulately-angled 
blade. 

The flowers occur singly on long 
peduncles in the axils of leaves, and 
vary in color from a pale primrose to a 
deep maroon. Each flower consists 


*A cooperative study in the creation of new varieties of plants made in the Botanical 
Laboratory of Bucknell University, Lewisburg, Pa., and in the Experimental Gardens of the W. 


Atlee Burpee Company, Philadelphia, Pa. 
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PROLIFERATION OF LOWER PETALS 
Figure 2 

Natural size photograph of double flower of nasturtium (7ropacolum majus). Note 
that the doubleness consists almost entirely in the proliferation of the lower, stalked 
petals. The number of petals in the double flowers varies from five to sixteen, the 
average number being about ten. The number of stamens is also increased. The single 
flowered form has uniformly eight stamens. The double flowered form has from seven 
to sixteen stamens, with the majority of the flowers having from ten to twelve stamens. 
The number of sepals is five in both the single and double flowered forms. In inheri- 
tance the double type of flower is a single factor Mendelian recsesive to the normal 
form of flower. 
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THE OLD FASHIONED NASTURTIUM 


Figure 3 


Typical flowers of the single nasturtium common in gardens for many years. 


Frontispiece. 


These 
are to be compared with the double form shown on the opposite page and in the 


Note that the single flower has two kinds of petals—two wedge-shaped 


petals above, and below three stalked petals with fringed claws. The double flowers 
are due almost entirely to the proliferation of the stalked lower petals. 


of five petals, five sepals, eight stamens, 
and three carpels. At their bases, the 
sepals are connately united while the 
posterior one is elongated into a slender 
spur containing a generous nectary. 
The two petals in the upper part of 
the flower have wedge-shaped bases 
while the three lower petals are stalked 
and have a fringed claw. Although 
the floral parts may vary somewhat in 
size and shape in different flowers, they 
are highly constant in number in the 
common single varieties. Typical flow- 
ers of a common garden variety of nas- 
turtium are illustrated in Figure 3. 


Origin of Double Flowers in the 
Nasturtium 


A few years ago a double-flowered 
variety of nasturtium was introduced 
by commercial seed growers under the 


name “Golden Gleam.” The origin of 
this variety was traced to a flower gar- 
den in Mexico where it was being 
grown from seed of unknown ancestry. 
t is believed, however, that the seed 
originally came from Spain. For the 
present it may be assumed that this 
double-flowered variety originated as a 
recessive mutation from a golden-flow- 
ered single variety. A typical plant of 
the Golden Gleam variety with double 
flowers is shown in Figure 1. 


Nature of the Doubleness in the 
Flowers 


The flowers of the Golden Gleam 
variety of nasturtium differ from those 
of single varieties in having flowers 
that are larger in size, are composed of 
an increased number of floral parts, 
and emit a delightful fragrance. <A 
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typical flower is illustrated in Figure 2. 

For the purpose of making a study 
of the nature and degree of doubleness 
in the flowers of this double variety of 
nasturtium, 500 flowers were taken at 
random from plants growing in one of 
the experimental fields. The results of 
this study are tabulated in Table I. Of 
the flowers included in this study, 264 
had three carpels and in this respect 
were not unlike single flowers, but 228 
flowers had four carpels, and 8 flowers 
had five carpels. The mean number of 
carpels in these flowers was 3.84+0.024, 
and the standard deviation was 0.53+ 
0.17 carpels. 

The number of stamens in these flow- 
ers varied from seven to sixteen in 
individual flowers. The standard de- 
viation was 1.39+0.04 stamens, while 
the mean number of stamens was 11.94 
+0.06. 

In individual flowers the number of 
petals varied from five to fifteen with 
a mean number of 9.88+0.06 petals. 
The standard deviation was 1.38+0.04 
petals. Not uncommonly the number 
of petals was found to vary in different 
flowers of the same plant. Frequently 
the first one or more flowers of a geno- 
typically double-flowered plant grown 
from seed or from a cutting have the 
numbers of floral parts that are typical 
of single flowers. In the later flowers 
of these plants, however, the doubleness 
comes into full expression. This delay 
in the expression of doubleness in the 
flowers leads to an error in the clas- 
sification of phenotypes in segregating 
progenies, if the classification is based 
on the flowers which open first. 

Although the numbers of stamens 
and petals in the 500 flowers studied 
showed approximately the same range 
of variation, no correlation was found 
to exist between the number of stamens 
and the number of petals in individual 
flowers. As a matter of fact, the co- 
efficient of correlation between the num- 
ber of stamens and the number of 
petals was found to be —0.022+0.03. 


Crosses Between Single and Double- 
Flowered Varieties 


Approximately 41,000 crosses were 


of Heredity 


made between the double-flowered Gold- 
en Gleam and various single-flowered 
varieties of nasturtium. In practically 
all of these crosses the double-flowered 
variety was used as the female parent. 
The flowers of the plants to be used 
as female parents were emasculated, 
and to prevent the pollination of these 
flowers by insects, the petals were re- 
moved. From the single-flowered 
varieties that were used as the male 
parents, the flowers were collected in 
baskets. The pollinations were then 
made by brushing the anthers of the 
single flowers over the stigmas of the 
emasculated double flowers. The F; 
plants from these crosses, with few ex- 
ceptions, produced single flowers, thus 
indicating that singleness was dominant 
over doubleness. The few double- 
flowered plants that occurred among 
the F,; generation plants had the flower 
color of the Golden Gleam female 
parent. This flower color was inter- 
preted as evidence that these plants 
came from self-fertilized rather than 
from cross fertilized flowers. With 
few exceptions, the single-flowered hy- 
brids had bright scarlet flower colors. 
These results show that the technique 
used was not entirely reliable. 

Several hundred reciprocal crosses 
between double-flowered Golden Gleam 
plants and various single-flowered vari- 
eties of nasturtium were made in which 
all flowers used in the crosses were 
enclosed in paper bags in the bud 
stage. The flowers to be used as 
female parents were emasculated at 
the proper time. In pollinating these 
flowers, individual stamens were used. 
The F, plants from these more care- 
fully made pollinations produced single 
flowers, regardless of which way the 
cross was made. It was found, how- 
ever, that the fruits do not develop well 
within paper bags. Accordingly, after 
the danger of contamination by insects 
was over, the bags were removed from 
the hand-pollinated flowers. 

Since all of the F, plants, with the 
exceptions mentioned above, had single 
flowers, it was concluded that the dou- 
ble-flowered condition as it occurs in 
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THE SUPER-DOUBLE NASTURTIUM 


Figure 4 
An expanding bud of the super-double form of nasturtium derived from a single 
piant found among several thousand double flowered plants in an experimental green- 
house. This form is characterized by button shaped flower buds and by flowers with a 


large number of petals. 
pare with Figure 3.) 


The spur of the flower is also shorter than the normal. (Com- 
The super-double form is probably dominant in inheritance to 


both the double form and to the normal form. A plant patent has been obtained on 


this form of the nasturtium. 


Golden Gleam is recessive to the single- 
flowered condition that occurs in the 
common garden varieties of Tropacolum 
majus. 


The F, Plants 


The F, plants were grown in fields 
in California, Argentina, Australia, 
Porto Rico, and in the experimental 
gardens and greenhouses of the Ford- 
hook Farms at Doylestown, Pa., and 
at Lewisburg, Pa. The plants grown 
in fields were well isolated from other 
nasturtium plants and were allowed to 
be self-fertilized and intercrossed by 
natural agencies, such as bees and other 


insects, while those grown in the green- 
houses and experimental gardens were 
self-fertilized by hand. This was done 
by brushing the pollen from the anthers 
to the stigma by means of a_ small 
camel’s hair brush. 


The F. Progenies 


When the seeds from these self-fer- 
tilized and intercrossed F, plants were 
planted in fields and the resulting plants 
grown on a commercial scale, single- 
flowered and double-flowered plants 
were produced in the approximate 
ratio of 3:1. In an attempt to get more 
accurate data, careful notes were taken 
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RELATIVE SIZE OF SINGLE, DOUBLE, AND SUPER-DOUBLE NASTURTIUM 
FLOWERS 


Figure 5 
The single flowers on the left, double in the center, and the super-double at the 
right. The double flowered forms come into bloom from one to two weeks later than 
the single flowered nasturtium. The stamens of the super-double form are modified 
into petaloid structures, and add materially to the doubleness of the flowers. The car- 
pels are also modified into a somewhat similar form and are completely sterile. For 
this reason it is necessary to maintain the super-double form by using super-double 


pollen in crosses with double or with normal flowered forms. 


vegetatively. 


It may also be propagated 


on all of the plants in a small section 
of one of the commercial fields. As 
soon as a plant came into flower, it 
was classified as a single- or double- 
flowered individual. In order to get 
a large yield of seeds that would give 
rise to double-flowered plants, the sin- 
gle-flowered plants were removed as soon 
as they could be recognized. Of the 
1105 plants which were included in 
this study, 870 were recorded as single- 
flowered and 235 were classed as dou- 
ble-flowered. Assuming that singleness 
and doubleness are differentiated by a 
single pair of genes, the expected num- 
bers are 829 single-flowered and 276 
double-flowered plants. The difference 
between the expected and observed 


numbers amounts to an excess of 41 
single-flowered plants and a correspond- 
ing deficiency of double-flowered plants. 
This deficiency in the number of dou- 
ble-flowered plants was doubtless due 
to having classified some of the geno- 
typically double-flowered plants as sin- 


gle-flowered. As previously mentioned, 
the first flowers of some of the geno- 
typically double-flowered plants are sin- 
gle. 

An F2 progeny from a cross between 
Golden Gleam and a single-flowered 
variety of nasturtium was grown until 
all of the plants could be unmistakably 
classified as to type of flower. In some 
cases it was necessary to move the 
plants into the greenhouse to make sure 
of the classification of those plants which 
did not begin to produce flowers until 
near the end or after the close of the 
growing season. This progeny con- 
sisted of 78 plants with single flowers 
and 27 plants with double flowers. If 
there had been one less double-flowered 
plant, these results would represent a 
perfect ratio of three single-flowered 
plants to one double-flowered plant. 

The available data on the segregation 
of single-flowered and double-flowered 
plants in Fz progenies, which are sum- 
marized in Table II, indicate that 
doubleness in the flowers of T. majus 
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is inherited as a single recessive Men- 
delian character. 


Doubleness and Time of Flowering 


The double-flowered Golden Gleam 
plants normally come into bloom from 
one to two weeks later than the plants 
belonging to the single-flowered vari- 
eties planted at the same time and 
grown under the same conditions. A 
similar difference in the time of flower- 
ing has been observed in F2 progenies 
which segregate double- and _single- 
flowered plants. In some cases the first 
plants to bloom are almost entirely 
single-flowered, but, as the season pro- 
gresses, the relative number of double- 
flowered plants increases and, towards 
the close of the season, the plants which 
come into bloom for the first time are 
nearly all double-flowered. In an ex- 
perimental plat containing several 
thousand Fy, plants, approximately 20 
per cent of the plants which came into 
bloom early in the month of September 
were double-flowered, while approxi- 
mately 50 per cent of those which 
bloomed for the first time in October 
were double-flowered. This deficiency 
in the number of double-flowered plants 
early in the flowering period and the 
corresponding excess of such plants late 
in the season is characteristic of all F, 
progenies that have as yet been studied 
in our experiments with Tropaeolum. 


Inheritance of Flower Color 


The flowers of the F; plants from 
crosses between Golden Gleam and such 
brilliantly colored varieties as Spitfire, 
Twilight, and Midnight vary in color 
from bright crimson to Poppy. The F2 
individuals from such crosses may in- 
clude flower colors that range all the 
way from light primrose to dark ma- 
roon. These extremes in the color of 
the flowers of Tropaeolum are illus- 
trated in Frontispiece. The number of 
genes involved in the differentiation of 
these colors has not yet been definitely 
determined. 

Origin and Nature of Super-Double 
Flowers 


Super-doubleness in the flowers of 
nasturtium was observed first in a plant 
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growing among several thousand double- 
flowered plants in an _ experimental 
greenhouse. This plant was recognized 
by the extreme doubleness of its flowers 
and by the flat button-like shape of its 
flower buds, as illustrated in Figure 6, 
b and c. The very young buds are 
more or less spherical and have a 
pointed tip as illustrated in Figure 6 b. 
As the buds enlarge and begin to open, 
they assume a flat button-like shape 
due to the large number of floral parts 
which they contain (see Figure 6 c). 

The calyx consists of five sepals 
which are noticeably smaller than those 
of single and double flowers. This re- 
duction in the size of the calyx is also 
expressed in the spur, as may be seen 
in Figure 6 d and f. 

The corolla of super-double flowers 
is made up of from 40 to 50 petals 
which vary somewhat in size and shape, 
as shown in Figure 6 e, f and g. The 
doubleness is expressed particularly in 
the clawed petals which form the lower 
part of the flower. The relatively small 
number of larger upper petals together 
with the dense mass of proliferated low- 
er petals gives to the flower a pansy- 
like shape, as may be seen from Fig- 
ure 6 e and f. When the flower is 
fully opened, it tends to assume the 
appearance of a double flower of a 
carnation, as illustrated in Figures 4 
and 5. Differences in the size and 
other structural characteristics of single, 
double, and super-double flowers are 
shown in Figure 5. 

The stamens of the _ super-double 
flowers are proliferated and modified 
to form approximately 30 petaloid 
structures which add materially to the 
doubleness of the flower. A modified 
stamen is shown in Figure 6 k. 

The carpels of the super-double flow- 
ers are also modified into petaloid 
structures which are completely sterile. 
The extreme proliferation of the car- 
pels, of which there are approximately 
50, gives to the centers of the flowers 
a characteristic fullness which accen- 
tuates and supplements the doubleness 
expressed in the petals and the petaloid 
stamens. 


| 
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STRUCTURE OF SUPER-DOUBLE NASTURTIUM FLOWERS 
Figure 6 
a, Leaf. b, Young buds have a flattened ovoid shape with extremely short spur. 
c, A flat, button-shaped expanding bud. d, The upper petals form a hood in partly 


opened flowers. e, Front view of partly opened flower. f, A young flower to show 
its pansy-like shape. g, A fully opened flower. h, i, Proliferated petals. j, A 
petaloid carpel. k, A petaloid stamen. 


d 


Eyster and Burpee: 


The receptacle of the super-double 
flowers is elongated to about one-fourth 
of an inch to accommodate the unusual- 
ly large number of floral parts. The av- 
erage number of fioral parts in these 
flowers is approximately 135 as com- 
pared to 33 parts in ordinary double 
flowers and 21 parts in the single 
flowers. 


Plant Patent 141 


This unusual, super-double-flowered 
variety of nasturtium has been named 
Tropaeolum majus Burpeeti, and rep- 
resents a genetic variation from the 
normal single-flowered variety. It pos- 
sesses a marked vegetative vigor so 
that it bears an abundance of large, 
sterile, but very showy and extremely 
double flowers. On the basis of these 
remarkable characteristics, which dis- 
tinguish it as a superior variety for 
commercial and floricultural purposes, 
this new super-double variety of Tro- 
paeolum was granted, on September 
17, 1935, United States Plant Patent 
141. This is a basic patent,* and the 
only patent that has ever been granted 
for a nasturtium. 

The Gardens of the Nations have 
recognized the unusual and excellent 
qualities of this genetic variety of Tro- 
paeolum by awarding it a special gold 
medal. 


I. of Flower Parte of Single and Double Mestertiuns 
Double 


Single 


34567 6/8 6567 6 8 ik 15 16 15 16 
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Teble II. Resulte of Crossing Double (Golden Gleam) and Single Nesturtiues. 


Progeny Progeny 
Golden Gleam X Midnight 4ll singe 
Single-flowereéd plant in 
F, from Golden Gleam x 
Mianiebt - Self fertilized 7% 108 25.48 
Pearl Golden Gleam 4ll single 1 6 16.67 


propery from tine- 


all single 


27.06 


Golaen Gleam X Single 21,27 


Totele 


average per cent of doubles 21.17 
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Double Nasturtiums 


Inheritance of Super-Double Flowers 


The F, plants from crosses between 
double-flowered and super-double-flow- 
ered plants consist of double-flowered 
and_ super-double-flowered individuals 
in approximately equal numbers. Of 220 
such F, plants, 112 had super-double 
flowers and 108 had double flowers. 
Since the carpels of the super-double 
flowers are completely sterile, it is not 
possible to obtain plants that are homo- 
zygous for super-doubleness. Since 
heterozygous super - do ub! e - flowered 
plants, when crossed with double-flow- 
ered plants, yield super-double-flowered 
and double-flowered plants in approxi- 
mately equal numbers, it may be con- 
cluded that super-doubleness behaves as 
a dominant character over doubleness. 

The F, plants from crosses between 
homozygous single-flowered plants and 
super-double-flowered plants likewise 
consist of individuals with the parental 
types of flowers in approximately equal 
numbers. Of 15 F, plants from such 
crosses, 8 had super-double flowers 
while 7 plants had single flowers. From 
crosses with double-flowered plants it 
was shown that the super-double-flow- 
ered plants carried the genes for super- 
double and double flowers. According- 
ly, the eight super-double-flowered 
plants referred to above should be 
heterozygous for super-doubleness and 
singleness, while the seven plants with 
single flowers should be heterozygous 
for double flowers and single flowers. 
Backcrosses of the super-double-flow- 
ered plants and of the single-flowered 
plants with double-flowered plants have 
substantiated these expectancies. These 
relationships indicate that the genes for 
super-double flowers, single flowers, and 
double flowers form a series of triple 
allelomorphs with dominance in the or- 
der given here. 

Summary 


Tropaeolum majus, commonly known 
as nasturtium, has succulent vegetative 
parts and beautiful, brightly colored 


*A basic patent is one which applies to an invention in all its known modifications. 


This 


patent is basic in Tropacolum in that it covers the extreme doubleness of the flowers in all of the 
colors that are known to occur in Tropacolum majus. 
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flowers, and is a native of South Amer- 
ica. This beautiful annual plant has 
been grown for years in our flower 
gardens. The popularity of this species 
in the flower garden was greatly in- 
creased a few years ago by the discov- 
ery of a golden-flowered variety with 
large, double, noticeably fragrant flow- 
ers. Doubleness and fragrance were 
highly desirable characteristics and were 
found to be inherited as recessive Men- 
delian characters. By intercrossing this 
golden, fragrant, double-flowered vari- 
ety with the various brightly colored 
single varieties, new varieties were pro- 
duced which have the doubleness and 
fragrance associated with each of the 
many bright flower colors characteristic 
of this common garden flower. In one 
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of the hybrid progenies grown in con- 
nection with the creation of these new 
colored, double, fragrant varieties a 
plant was found with large super-double 
flowers having the general aspect of a 
large flower of a pansy when opening 
but that of a large double flower of a 
carnation when fully expanded. This 
extreme doubleness in the flower of 
Nasturtium is inherited as a dominant 
characteristic over both singleness and 
the ordinary type of doubleness. Be- 
cause of the unusual vegetative vigor 
and because of the magnificence and 
remarkable beauty of its flowers, which 
are incapable of producing seeds, this 
super-double variety of Tropaeolum has 
been granted a United States plant 
patent. 


+ 
Rural and Urban Philosophies 


EEPER in my opinion than the differ- 
ences between individualistic or laissez- 
faire economics and socialism, deeper even 
than the differences between capitalism and 
communism, are those between rural and ur- 
ban attitudes toward life. The farmer tends 
to think in terms of plants and animals, of 
birth and growth and death. The city man, 
on the other hand, tends to think in terms 
of wheels and levers and machines, or of 
buying and. selling. Whereas agriculture is 
founded on life processes, particularly as in- 
fluenced by soil and weather and the laws of 
inheritance, urban occupations are founded on 
manufacturing and commerce, and the activi- 
ties are mostly carried on indoors. To the 
city child milk is associated with a bottle, 
not with a cow; an apple comes from a box, 
not from a tree; and these early impressions 
influence, I believe, the ideas of later life. 
As a consequence the farmer’s philosophy 
of life is primarily organic, whereas the city 
man’s philosophy usually is mechanistic. The 
farmer lives in a natural world, the city man 
in an artificial world. Because of his occu- 
pation the farmer’s thoughts are largely bio- 
logical, whereas the city man’s thoughts are 
largely physical or economic. In farming the 
family is the economic and social unit—it is 
difficult, almost impossible, to farm without a 
wife, and children can help with the work 
from about 10 years of age onward. In the 


cities, on the other hand, the individual is the 
economic unit—a wife adds little, if anything, 
to the family income unless she works out- 
side the home, in which case it is difficult to 
rear a family, and children involve expense, 
with little if any return, from birth till mar- 
riage. It costs generally two to three times 
as much to rear a child in the city as it does 
on the farm. 

Perhaps because of the open air, and the 
contact with nature, perhaps because the far- 
mer sees the stars at night and observes the 
progress of the seasons, perhaps also because 
of stronger family ties, farmers and farm 
women tend to think of the past and the fu- 
ture; city people, it seems to me, tend to 
think more about the present. Thrift has 
been called into question by many city people 
today; the workday, it is urged, should be 
shortened to 6 hours so that everyone will 
be employed, and children by some are con- 
sidered a luxury to be indulged in only by 
people of ample means. Granting that parents 
should feel a keen sense of responsibility in 
bringing children into the world, the fact 
remains that the philosophy of life which is 
popular in the cities today leads to the dis- 
integration of the family and to national and 
social decay—Baker, O. E. “Farming as a 
Life Work,” U. S. D. A. Ext. Ser. Cir. 244, 
October, 1935, p. 6. 
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GENETIC HISTORY OF THE HOLSTEIN- 
FRIESIAN CATTLE IN THE 
UNITED STATES 


Jay L. Lusu, J. C. and O. S. 


HE ancestors of the Holstein- 
Friesian cattle in the United 
States came mostly from Fries- 
land and nearby parts of north Hol- 
land.+ Some cattle were imported from 
Holland even before the Revolutionary 
War, but the pedigrees of their descen- 
dants were not recorded. The earliest 
importation of an animal subsequently 
registered was in 1852, but only 37 
head were imported before 1874. The 
high tide of importation was in the 
three years 1883 to 1885 when 5103 
animals were brought into the country. 
That number is about two thirds of the 
total ever imported and registered in 
the United States. After 1885 impor- 
tations rapidly diminished, and since 
1890 only 132 registered Holstein- 
Friesians have entered the United 
States; all of these were included in 
small importations in 1903, 1904 and 
1905.t MHolstein-Friesians in Canada 
came originally from herds in the 
United States and the many exchanges 
of breeding stock between Canada and 
the United States are not included here 
as “importations.” 

Prior to 1873 there were no organ- 
ized herdbooks in Holland for record- 
ing pedigrees. Hence the detailed his- 
tory of the breed prior to that is frag- 
mentary and shades into unverifiable 
tradition when pursued into still earlier 
times. Wing’ says of these cattle: 
“Their origin is commonly ascribed to 
the two tribes of Friesians and Batav- 
ians who came from Central Europe 
via the river Rhine, at or shortly be- 


fore the Christian era, and settled on 
the fertile lowlands of the Rhine delta.” 
Some writers have ventured to assert 
that the purity of the breed has been 
jealously guarded in all that time and 
that the breed has a lineage of un- 
doubted purity extending back for more 
than 2000 years. Such claims seem 
extravagant in view of the migrations 
and wars involving these people and 
their neighbors through the intervening 
centuries. However, the region of 
northern Holland was isolated to a 
rather high degree (as compared with 
most of Europe) and was well out of 
the path of most migrating peoples and 
armies. On account of this there is 
some reason to suppose that these cat- 
tle have been kept more isolated than 
was the case in most other parts of 
Europe. The small amount of inbreed- 
ing consequent upon this partial isola- 
tion, although small in any one genera- 
tion, may have been enough when ex- 
tended over many centuries to bring 
about unusual fixity of type and uni- 
formity among the cattle of this region 
by the time herdbook registrations be- 
gan. 

Holland Long a Breeding Center 

The history (somewhat fragmentary) 
of cattle breeds in nearby countries 
shows that northern Holland has for 
centuries been a center of radiation 
for breeding cattle. What are gener- 
ally called black and white lowland 
cattle are the typical stock of a wide 
region extending from Belgium to the 
eastern shores of the Baltic sea and in- 


*Journal Paper No. J-272 of the Iowa Agricultural Experiment Station, Ames, 


Iowa. 


+For more detailed and recent breed history see reference No. 7. 
tOne bull of Friesian ancestry, but bred in South Africa, was imported in 1929. The 
“importations” of Holsteins referred to in U. S. Dept. of Agriculture reports are all from Canada. 
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cluding Jutland, much of southern 
Sweden, and the northern half of Ger- 
many. Not all cattle in this region are 
of this race. There are noteworthy ex- 
ceptions such as the Red Danish, An- 
gler, and Groningen. Students of ani- 
mal breeding in that region generally 
regard all the black and white lowland 
cattle as belonging to the same general 
race and consider the local divisions 
(such as East Prussian, Jeverland, Jut- 
land, East Friesian, Oldenburger, Fries- 
ian, etc.) as distinct but loosely related 
breeds. 

The first herdbook association for 
this breed in America was formed in 
1871, which was two years before there 
was any herdbook association in Hol- 
land. Another association was organ- 
ized in the United States in 1877. In 
1885 the rival registration associations 
were merged into a single organization, 
“The Holstein-Friesian Association of 
America,” which recognized the records 
of both the earlier associations and 
which is functioning today. A _ third 
association published three volumes en- 
titled “American Branch of the North 
Holland Herdbook” in which were 
registered some cattle imported while 
still the property of Dutch cattlemen. 
Later the Holstein-Friesian Associa- 
tion of America voted to admit to regis- 
tration animals whose parents were 
registered in the “North Holland” Herd- 
book and it was discontinued. 

This is the most numerous breed of 
dairy cattle in the United States. Reg- 
istrations from 1919 to 1929 were a 
little more than 110,000 per year, while 
the transfers were about 90,000 per 
year. 


History of Breeding Policies 


No high grades were ever admitted 
to registry in America. Since the im- 
portations began before there was a 
herdbook in Holland and were at their 
maximum while that herdbook was still 
of recent origin, nothing is known of 
the ancestry of the foundation animals 
except what can be inferred from the 
region in which they were purchased 
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and from the statements made by the 
sellers. 

The breed was small in numbers in 
its early development in America, not 
registering as many as 10,000 indi- 
viduals in any one year prior to 1906. 
This, together with the fact that im- 
portations practically ceased after 1890, 
is a situation which could have fostered 
a little inbreeding and would give any 
individual animal which was used ex- 
tensively in one or more prominent 
herds a possibility of spreading many 
of its genes through the entire breed. 

The  Holstein-Friesian Association 
was the first association to undertake 
official testing and recording of produc- 
tion as a regular part of its activities. 
In recent years this association has ex- 
perimented with measures intended to 
promote more unity of ideals with re- 
gard to outward conformation and 
type. To this end the Association has 
constructed and distributed “true type” 
models and paintings and has instituted 
a system of voluntary herd classifica- 
tion. 


Objects of This Study 


The questions we wished to answer 
in this study were: (1) How much 
inbreeding has taken place in the breed 
as a whole and what kind of inbreed- 
ing has this been? (2) How uniform- 
ly has the breed developed as a single 
group all related to each other, or how 
much tendency has there been for it 
to split into genuinely distinct and 
separate families? (3) How important 
have individual animals been to the de- 
velopment of the breed as a whole? 
(4) What is the average length of time 
between generations? (5) Have un- 
usually high producers and animals of 
unusually choice show-type been pro- 
duced by breeding systems different 
from those which have been used in 
producing the average animal of the 
breed ? 

Methods Used 


The methods used in this study were 
developed by Wright!® and first exten- 
sively used by McPhee and Wright®!* 
in their study of the British Shorthorn 


‘ 
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breed. These methods were later used 
by Calder? in his study of the Clydes- 
dale breed of horses in Scotland, by 
Fowler* in his study of Ayrshire cattle 
in Scotland, and by Dickson and Lush* 
in their study of the Rambouillet sheep 
in America. Fragmentary studies using 
these methods have been made by 
Smith® on Jersey cattle in Britain and 
by Brockelbank and Winters! on Short- 
horn prize- winners in the United 
States. 


Two hundred pedigrees of bulls and 
200 pedigrees of cows were chosen 
systematically from each of Volumes 7, 
18, 29, 43 and 64 (the latest published 
one when this study began) of the 
herdbook of the Holstein-Friesian As- 
sociation of America. The pedigrees 
were chosen by taking the first pedigree 
on every page, or every other page, or 
at whatever interval was necessary to 
give a sample of the desired size. The 
modal birth dates of each sample of 
400 were 1889, 1899, 1909, 1919 and 
1928. After these samples had been 
completed and conclusions drawn, a 
sixth sample including only animals 
born in 1931 was taken from volume 
69, for the purpose of obtaining addi- 
tional information about the breed at 
the most recent date then available. 


The sire and dam for each pedigree 
were noted, and then a random line of 
ancestry was traced back from the sire 
and another random line from the dam, 
using a fresh throw of a penny each 
time to determine whether sire or dam 
of the individual being looked up should 
be followed further in the pedigree.* 
This is the approximate method worked 
out by Wright and McPhee.!*_ The re- 
sults of course mean practically nothing 
so far as concerns the individual ani- 
mal, which thus has only two random 
lines of its ancestry traced back to the 
foundation stock. The average results 


of many such skeleton two-line pedi- 
grees however do acquire a statistical 
significance, like any other average of 
samples, and may become exceedingly 
reliable as showing the average condi- 
tion within the breed, provided the 
sample of pedigrees is large enough to 
bring the sampling errors within the 
accuracy desired. 

After these pedigrees representative 
of the whole breed had been studied, the 
204 different animals which had up to 
the end of 1932 made such a good 
record in the show-ring that they had 
been included in the “All American” 
or “Reserve All American” list spon- 
sored by the Holstein-Friesian World 
were similarly studied. However skele- 
ton four-line pedigrees instead of two- 
line pedigrees were used for them, to 
offset the larger sampling errors intro- 
duced by their smaller numbers. The 
modal birth date of these animals was 
1924. 

Next were taken as representative 
of unusually high producers the 182 
cows which (up to the time that part 
of the study began) had produced in 
one year or less over 1000 pounds of 
fat (uncorrected for age). Four-line 
pedigrees instead of two-line ones were 
used for this group also. The modal 
birth date of this sample was 1917. 


TABLE 1.—Inbreeding and Inter se Relationship 
Coefficients. 


er of 
Nodal two-line | Inbreeding Coefficient Inter se 
birth dete | pedigrees/ actually Expected from] Yelationship 
of sampled found inter se Coefficient 
sarple reletionship 
18869 400 2.42 
1899 400 2.12 .3 0.4 
1909 400 4.72 .5 14 2.62.5 
1919 400 3.42 1.3 242-5 
1926 396 4.72.5 1.8 3.42 +6 
1931 400 4.02.5 1.7 3.42 4 
High pro- 
ducers 1917 ise* 2.22.3 1.5 3.02 6 
Show winners 
1924 206° 2.92.3 2.0 3.9 2 «4 


*Pour-line pedigrees 


*Each random line of ancestry was traced back as far as it was entered in the herd- 
books of the Holstein-Friesian Association of America or in the “Holstein Herd Book.” 
No full set of the “Dutch Friesian Herd Book” was available. Hence, lines running into 
the missing volumes of that herdbook were stopped there. The average birth date of the 
animals at the end of these random lines was 1881. 


i 
¥, 


The Journal of Heredity 


‘ INBREEDING OR 
RELATIONSHIP COEFFICIENT 


fe) 


wir wie 
aid a 4 
ola 
Zla Zla 
1889 1899 1909 919 19286 
High Show 
Producers Winners 


INBREEDING HISTORY SUMMARIZED 
Figure 7 
Changes in inbreeding and inter se relationship in the Holstein-Friesian breed of 
cattle in the United States. The mating of brother with sister produces an inbreeding 


coefficient of 25 per cent in one generation. 


It is therefore clear that the degree of 


inbreeding in the Holstein-Friesian breed in America is not very great. 


ACTUAL SITUATION AMONG HOLSTEIN-FRIESIANS 


Inbreeding from Decade to Decade 

Table I and Figure 1 show the aver- 
age inbreeding coefficients found. The 
upward trend in intensity of inbreed- 
ing seems statistically significant, al- 
though it is slight. The 1928 and 
1931 pedigrees average a little more 
than ten generations in length. The 
total inbreeding observed in these sam- 
ples therefore represents about four- 
tenths of one per cent per generation. 
This slow drift toward homozygosis in 
the breed as a whole is rapid enough to 
be important if it occurred in a wild 
species over geological periods of time 
but is very mild when calculated in 
terms of what might happen during one 
human lifetime. 

Translated into terms of Wright’s 
approximate formula! (p. 109) of ?/syr 
for the fraction of the remaining 
heterozygosis lost per generation in a 
population of limited size, because of 
the sampling nature of Mendelian in- 
heritance, this inbreeding rate is about 
the same as if there were only about 
30 bulls per generation in the whole 
breed actively and equally taking part 


in reproducing the breed, but mating at 
random with a much larger number of 
cows. Of course these abstract condi- 
tions are not entirely realized. Many 
more than 30 bulls take part in repro- 
duction each generation and they do 
not take part equally. Far less than 
30 take so active a part that they have 
a distinct influence on the breed for 
more than a generation or two after 
their death. There is some faint ten- 
dency (to be discussed next) for breed- 
ing within family lines instead of en- 
tirely random mating with respect to 
pedigree relationship. 

The selected samples show a little 
less inbreeding than the breed average. 
The difference is only about twice its 
probable error but is in the same direc- 
tion in both the high producers and 
the show winners. 


Changes in Average Inter Se 
Relationship 


The average inter se relationship is 
measured by matching a random line 
from one pedigree against a random 
line traced from another pedigree to 
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see how often common ancestors are 
found in a pair of such lines. No ran- 
dom line is used a second time in such 
matching. The more closely related 
the animals of the breed are to each 
other, the more likely it is that the 
same ancestor will be found in two 
such lines chosen at random. If all 
inbreeding resulted solely from the fact 
that members of the same breed are all 
related to each other, the inter se re- 
lationship coefficient would be nearly 
twice as large as the observed inbreed- 
ing coefficient. In all six samples the 
observed inbreeding is more than 
twice as large as was to be ae 
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from the average degree of relationship. 
In most cases the difference is between 
three and five times its probable error. 
Because this is found again and again, 
its statistical significance seems certain. 
Thus there is always a tendency to 
form distinct families in the breed but 
this tendency is rarely if ever carried 
so far that families are kept distinct 
from each other for several genera- 
tions. Presumably the more successful 
or highly esteemed of these incipient 
families are used for top-crossing on 
other families. Thus the average re- 
lationship of the breed increases as the 
degree of oe does, instead of 


TABLE I1.—Number of appearances of those individuals found most frequently in these ancestral lines. 


High Show 
Registry Pro- Win- 
Year Number Sex Name 1889 1899 1999 1919 1928 1931 ducers ners 
1880 716HHB Netherland Prince 2 o0 4 66 42 42 45 53 
1882 2199HHB @ Pauline Paul momen = 
1885 4584HHB ¢ Netherland Alban 5 15 18 13 8 21 13 2 
1884 734 Q De Kol 2d _ 1 29 74 67 9 66 62 71 
1885 1271 8 Duke Netherland - 1 20 23 @B 21 14 W@W 19 
1886 2767 De Kol 2d’s Prince 7 16 2% 25 2% 2 
1887 6296 $ Mechthilde’s Sir Henry of 
Maplewood 26 KB ese 
1887 7825 2 Milla’s Pietertje Netherland. 1 23 25 39 27 24 2 26 
1889 11584 é De Kol 2d’s Netherland — 13 24 22 18 13 «14 7 
1888 13913 Q@ Belle Korndyke —. — 9 29 2 24 16 19 
1890 14634 2 Paul De Kol —_— 7 3 4 36 33 41 2 
1893 20735 De Kol 2d’s Paul De Kol — 32 HW 2 25 
1894 21366 $ De Kol 2d’s Butter Boy == — +6 2D 2 33 30 33 37 
1896 22779 é Manor Josephine De Kol... — 1 4 2 23 2 14 17 
1897 23102 é Hengerveld De Kol — 1 20 34 31 29 2 30 
1897 23260 De Kol 2d’s Butter Boy 3d_. — 8 13 
1897 23971 Sarcastic Lad wn 
1898 25982 é Pontiac Korndyke — 8 48 47 530 2% 3 
1903 36168 é King Segis —_-_ — 8 24 20 25 27 21 
1905 39037 @ King of the Pontiacs _- — 5 2 20 33 15 24 
1907 44931 Sir Pietertje Ormsby 
Mercedes _—_ — = 3 21 43 2 SO 
Other ancestors prominent in special samples 
1885 1281 $ Clothilde 4th Imperial 6 16 5 18 20 11 12 2 
1888 11822 é Aaggie Cornelia 5th 
Clothilde — 16 19 10 15 
1892 19056 Sir Abbekerk — 5 18 18 
1896 22991 $é De Kol Burke — 1 9 13 12 10 15 2 
1902 31212 é Sir Ormsby Hengerveld | 
— 9 18 18 11 @ 
1903 32481 $ Colantha Johanna Lad_ _ — 3 16 14 13 2 31 
1903 35077 Jack Mercedes — 1 8 19 12 
1900 53646 Pietertje Maid of 3 8 15 10 21 
1904 78051 Q Pietertje Maid Ormsby...=.-§$ — ~— — 7 15 25 16 32 
1906 98734 Q Spring Brook Bess Burke... — ~— — 1 14 11 12 2 
1912 110160 é Sir Pietertje Ormsby 
Mercedes 37th —_- —- —- — 4 15 13 14 
1909 = 131387 Spring Brook Bess 6 9 12 2 
1915 165947 $ King Pietertie Ormsby Piebe — — — — 7 9 2 2 
Maximum nossible number of lines 800 800 800 800 792 800 728 816 
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the inbreeding increasing but the inter 
se relationship remaining low as would 
be the case if many families were 
created and were kept separate from 
each other, with breeders showing a 
distinct aversion to making even mild 
outcrosses. 

In the Shorthorns Wright and Mc- 
Phee!? found little tendency for the 
creation of distinct families in modern 
times. Dickson and Lush* found in 
the early history of the Rambouillet 
breed no more inbreeding than was to 
be expected from the average relation- 
ship of the animals to each other, but 
in its later history the inbreeding rose 
to something like four times as much 
as was to be expected from the average 
relationship, thus indicating a real ten- 
dency for the formation of separate 
families in that breed. However, the 
amount of inbreeding was not large 
and there were other reasons for be- 
lieving that the apparent tendency for 
the breed to split into genuinely dis- 
tinct families may have resulted large- 
ly from its discontinuous geographical 
distribution rather than from deliber- 
ate and intentional line-breeding on 
anything like a universal scale. 

The selected samples show a little 
closer inter se relationship than is typi- 
cal of the breed average, but the differ- 
ence is only about the size of its prob- 
able error. We are a bit surprised that 
the difference is not larger, in view of 
the fact that comparatively few breed- 
ers send out herds on the show circuit 
and not a great many more do official 
testing under conditions which would 
permit the making of 1000-pound fat 
records. There is here no evidence 
that either the high producers or the 
show winners constitute a distinct fam- 
ily within the breed. If we may be 


permitted a figure of speech which has 
some pessimistic implications, trying to 
find which families of the breed produce 
the show winners or high producers is 
like trying to find which parts of the 
ocean have the highest waves! 


The Journal of Heredity 


Animals Which Have Had Most 
Influence on the Breed 


The method of random ancestral 
lines provides an objective measure of 
the actual influence exerted by any an- 
cestor upon the breed, subject only to 
the sampling error involved in the ran- 
dom tracing of the lines. An ancestor’s 
direct influence is shown by the num- 
ber of times this particular ancestor is 
found among a group of such random 
lines. Such data are shown in the 
upper part of Table II for all animals 
which were found as often as 20 times 
each in as many as two of the samples 
of the whole breed. Two other bulls 
fairly prominent in four of the breed 
samples are also included. The lower 
part of Table II shows similar data for 
ancestors found often in the lines of 
the special samples. The standard er- 
rors (according to the npq formula not 
very dependable for values of p and q 
so unequal as these) for the numbers 
in Table II are about 4 for numbers 
from 14 to 21 and 5 for numbers from 
22 to 30. 

This does not answer the question of 
how like the whole breed an animal 
probably was in the genes which it 
carried. For example, two animals 
might each be found 30 times in the 
1928 sample but the first one might 
have no brothers or sisters, and perhaps 
none of his grandparents or great 
grandparents were found in the sam- 
ple except in lines coming through 
him. The other animal, although ap- 
pearing the same number of times 
might have been from parents or grand- 
parents found in many other lines. 
That is, he may have had many sibs, 
uncles or cousins which had an impor- 
tant influence on the breed. In such a 
case the second animal would be more 
like the breed in the genes it possessed 
than the first one would. The average 
relationship of each animal to the 
whole breed includes both its own in- 
fluence as an ancestor of the breed and 
its collateral relationship to the breed. 
Those relationships for all animals 
which were found as many as 20 times 
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in at least two of the dates sampled 
and for a few other animals which for 
other reasons seemed worth investigat- 
ing, are shown in Table III. This 
method of choosing individual ancestors 
insures that all are included which have 
influenced the breed very much them- 
selves but doubtless omits many ani- 
mals which would have higher relation- 
ship coefficients than some of the small- 
er ones shown in Table III. For ex- 
ample, Pietertje Hengerveld’s Paul De 
Kol 22,128 was noticed to have a total 
relationship of 8.6% to the breed in 
1928 but less than a fourth of this was 
through his own descendants. Most of 
his relationship was collateral through 
his sire and his grandsires and his 
paternal grandam. No doubt some 
other cases of this kind were un- 
noticed. 


“Great Grandmother” of the Breed 


The cow De Kol 2d has exerted 
more influence upon the whole breed 
than any other animal. She is almost 
a great grandmother of the whole breed. 
Almost all of this relationship is direct. 
Her sire was not found in any line in 
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these samples except through her, and 
her dam was found in only eight col- 
lateral lines, four each in the 1899 and 
1909 samples. Of the 12 animals in 
Table III having the highest average 
relationship to the breed in 1928 and 
1931, one is De Kol 2nd herself, two 
are her sons sired by her grandsons, 
five are her other sons or grandsons, 
four are descendants of hers but less 
closely related to her than grandsons or 
granddaughters. It is not until we 
come to the 13th highest relationship 
to the breed that we encounter one 
(Netherland Prince) which is not a 
descendant of De Kol 2nd. 

Netherland Prince is more important 
than De Kol 2nd in the two earliest 
samples, and is in all samples the most 
important animal unrelated to De Kol 
2nd. The only animals which are im- 
portant enough to appear in Table II 
and III but which are not descendants 
either of Netherland Prince or of De 
Kol 2nd are Belle Korndyke, Pauline 
Paul and Mechthilde’s Sir Henry of 
Maplewood, none of which were found 
as many as 30 times in any of the 
samples. 


TABLE III.—Total Relationship of Prominent Individuals to the Breed of Various Times. 


High All 


Registry Pro- Amer- 
Number Sex Name 1889 1899 19099 1919 1928 1931 ducers icans 
716HHB 2 Netherland Prince 36 74 60 81 52 53 61 64 
4584HHB 2 Netherland Alban — 23 53 48 51 34 44 42 35 
734 1 36 90 82 122 81 84 86 
1271 $ Duke Netherland _ 18 52 51 66 45 43 50 48 
6296 $ Mechthilde’s Sir Henry 
of Maplewood _...__ 5 28 28 29 34 39 22 32 
7825 2 Milla’s Pietertje Netherland. 10 48 50 7.1 49 46 51 5.0 
11584 & De Kol 2d’s Netherland_____. 11 52 84 80 89 70 73 65 
13913 Q Belle Korndyke 11 36 35 38 22 24 
14634 Paul De Kol 4 33 69 77 76 G6 
20735 @ De Kol 2d’s Paul De Kol... 3 3.7 89 86 108 78 97 6.6 
21366 é De Kol 2d’s Butter Boy_. 2 30 78 75 90 73 99 84 
23102 Hengerveld De Kol £22 @ 
23260 $ De Kol 2d’s Butter Boy 34. 5 31 76 7.7 103 73 #73 7.1 
23971 @ Sarcastic Lad : = 9 36 38 36 36 42 44 
25982 @ Pontiac Korndyke 110 750 71 5.1 
36168 é@ King Segis —_ 1 20 29 62 42 54 56 55 
39037 é King of the Pontiacs _ 1 #14 #34 83 80 83 61 68 
44931 Sir Pietertje Ormsby 
78051 Q Pietertie Maid ‘Ormsby - 4 15 26 37 #45 61 52 7.1 
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Not far from one tenth or one twelfth 
of the genes of the breed today are 
genes coming from De Kol 2nd, unless 
selection against those genes (as dis- 
tinct from selection for or against De 
Kol 2nd’s descendants) was practiced 
and was effective. It is interesting to 
see how it happened that a cow limited 
in reproduction to at most one or two 
calves per year made more impress on 
the breed than any contemporary bull. 
First of all De Kol 2nd lived to a ripe 
old age. Imported as a yearling heifer 
in 1885, she dropped her first calf when 
she was barely two years old and in 
14 years produced 14 living calves (one 
pair of twins) and one which died be- 
fore it was registered. Two of her sons 
were sired by her own grandsons and 
were therefore linebred to her. Many 
of her sons and grandsons were used 
in the most prominent herds of her 
time. She established one official and 
at least one private world record for 
production at a time when official test- 
ing was just beginning. Three of her 
daughters established official or private 
records which were new high marks 
for those times and a fourth was an un- 
usually high producer, thus adding to 
the prestige of their dam as a great 
breeding individual and assuring her 
sons and grandsons a wider use as 
sires. The relative importance of dif- 
ferent sons and daughters of De Kol 
2nd in spreading her genes through the 
breed is shown in Table IV. 

De Kol 2nd’s importance to the breed 


of Heredity 


was of course far from depending en- 
tirely on her own merit. She came on 
the scene when the breed was in the 
high tide of popularity in its earliest 
boom days (the number of registrations 
in 1887 and 1888 not being equaled 
again until 1904-05). In the depression 
of the 90’s when the numbers of Hol- 
stein cattle were being reduced, she 
and her sons and grandsons were in 
some of the strongest herds which 
weathered the depression. In “Hol- 
stein-Friesian History” it is said that: 
“if she had come upon the scene ten 
years sooner or ten years later her story 
would have been vastly different.” Even 
so her achievement is a remarkable one 
since even during the middle of the 
90’s, the period of worst depression in 
breeding Holstein cattle, registration 
fell below 3,000 in only two of the 
years. That is a large population 
through which one female could spread 
her genes to the extent that ultimately 
she would furnish about one tenth or 
one twelfth of the inheritance of the 
breed. It is not likely that any cow 
will ever do as much again unless 
present breeding systems are radically 
changed so that an outstanding cow’s 
inheritance is held together by line- 
breeding for many generations until it 
can be multiplied in a very large num- 
ber of animals without being diluted to 
the point where it will be practically lost 
in the breed as a whole. 

It is perhaps logical to expect that 
individual females would have a better 


TABLE IV.—Number of Random Ancestral Lines Which Traced to De Kol 2nd Through Each of Her 
Sons and Daughters. 


High Show 

Registry Pro- Win- 

Number Sex Name 1889 1899 §=1909 1919 1928 1931 ducers ners 
2767 3 De Kol 2d’s Prince _. _— 5 10 15 18 12 13 12 
6324 Q De Kol 2d’s Queen — 1 7 2 10 5 2 s 
10605 y Netherland De Kol _— 1 2 1 1 1 — 2 
11584 é De Kol 2d’s Netherland _ 9 14 12 10 b 5 6 
17064 3 De Kol 2d’s Alban... — 5 4 6 4 4 6 6 
20735 3 De Kol 2d’s Paul De Kol _ — 5 17 13 16 13 10 15 
21366 3 De Kol 2d’s Butter Boy —_ 2 11 11 26 18 18 15 
22989 De Kol 2d’s Butter Boy 2d — — 1 — 1 
23260 3 De Kol 2d’s Butter Boy 3d — 1 6 6 13 7 4 6 
25700 é De Kol 2d’s Mutual Paul — — 3 _ 1 3 4 $ 
Total Appearances 1 29 74 67 99 66 62 71 


Lush, et al: Genetic History of Holstein-Friesian Cattle 


chance of exceeding males in their in- 
fluence on a dairy breed than in any 
other kind of livestock. A cow’s in- 
heritance for productiveness is nearly 
always known better than a_ bull’s 
while they both are living, and the 
owner can plan to use her calves exten- 
sively for breeding with more con- 
fidence that he is doing the right thing. 
Nevertheless, only two cows other than 
De Kol 2nd were found as many as 20 
times in the lines from any sample ex- 
cept the show winners. One of these 
(Pauline Paul) owes nearly all her 
prominence to one son (Paul De Kol) 
and the other (Belle Korndyke) owes 
about half of her prominence to one 
son (Pontiac Korndyke). 


Show Winner’s Ancestors 


The ancestors appearing most fre- 
quently in the special samples are not 
greatly different from those in contem- 
porary samples of the breed. This is 
especially true of the high producers. 
There are some cases, especially among 
the show winners, where the differences 
seem significant. Sir Pietertje Ormsby 
Mercedes, King Pietertje Ormsby 
Piebe, Colantha Johanna Lad, Spring 
Brook Bess Burke, and Pontiac Korn- 
dyke are cases in point but these only 
border on statistical significance. The 
customs of the Show-ring are such that 
few animals except those in herds which 
make a practice of showing at large 
shows have much chance of winning 
the “All American” designation. If 
the owner of a large herd undertakes 
to make an extensively used bull fa- 
mous as a sire or grandsire of “show 
type,” that can be done with some de- 
gree of success by diligently seeking 
and showing the choicest specimens of 
that bull’s descendants. On account of 
this feature of show-ring practice,— 
real but impossible to assess at its true 
importance—we are inclined to doubt 
that there is any real biological signifi- 
cance to those few differences in Table 
II which are close to significance in 
the statistical sense. The ancestors of 
the special samples—at least the more 
remote ancestors—are practically the 
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same as the ancestors of the contem- 
porary average animals of the breed. 
The word “family” has little practical 
meaning if one must go back more than 
two or three generations to find the 
animal which is the foundation of that 
“family.” The descendants of a partic- 
ular sire or dam are not usually uniform 
enough that anything of practical im- 
portance is gained by grouping them 
together as a “family.” At least this is 
true if one extends the family to in- 
clude descendants much more remote 
than grandsons and granddaughters. 


Average Length of Generation 


The average interval between one 
generation and another is a matter of 
practical importance. Table V shows 
the findings on this point. The figures 
for current practice were obtained in 
another study.° The other figures in 
Table V were obtained by computing 
the difference between the birth date 
of the sample animal and of the foun- 
dation ancestor at the end of each ran- 
dom line, adding all such periods of 
years together and dividing by the total 
number of generations intervening. The 
average interval between generations 
has increased slightly since the founda- 
tion period. There were relatively few 
old cows or bulls in the breed when 
the 1889 animals were born, because the 
high tide of importation was just sub- 
siding and naturally, as in any other 
rapidly increasing population, individ- 
uals of the younger ages must have been 
in excess of the proportion which would 
be normal in static or moderately in- 
creasing populations. The slight but 
regular increase since 1899 may result 
entirely from the fact that the short 
generation intervals during that period 
of importation and expansion are be- 
coming a smaller proportion of the data 
on which this average is based. On 
the other hand, perhaps an increasing 
appreciation of the usefulness of proved 
sires, and definite attempts to make 
longer use of proved sires and good 
dams, may be a cause of the increasing 
length of generation intervals. In- 
creased sanitation and improvement in 


. 
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the treatment of animal diseases may 
have increased the length of life of 
breeding stock enough to account for 
this slow increase. Any one of the 
three interpretations would explain the 
facts. 

Probably the point of greatest prac- 
tical interest about this average length 
of generation is the shortness of the 
average productive life. The average 
age of cows at first calving is not far 
from 27 months.* The average interval 
between calves is not far from 13 or 14 
months. With cows now averaging 5.3 
years old when their calves are born, 
the average number of calvings per 
cow lifetime could not well be over five. 
These five calvings must include besides 
daughters for replacement, sons, still- 
births, calves which die before maturity, 
and daughters which are barren. Ob- 
viously the average breeder will have 
little margin on which to practice selec- 
tion among his heifer calves. He can 
not often afford to cull living and healthy 
heifer calves because they are from poor 
parents or are of poor conformation. 

A breeder who has established a herd 
and become acquainted with his cattle 
by the time he is 30 years of age, can 
scarcely look forward to guiding the 
breeding policy of that herd for more 
than six or seven cattle generations. 
That is a short time for the carrying 
out of a breeding program which he 
may consider to be desirable. 


Discussion 


Today the breed is so large that it 
seems almost impossible for one animal 


TABLE V.—Average Length of Interval Between 
Gener: 


ations. 


average number of Number of generation 


Sample date years fror one generetion | intervels on which 
to the next this sverage is bas 
1689 3.6 1763 
1899 4.2 3097 
1909 4.3 4801 
1919 4.4 6628 
1928 4.5 80135 
1931 4.7 8654 
High 4.6 5436 
Froducers 
Show 4.5 4610 


winners 


Dam to calf 5.5 1000 
Sire to celf 4.2 


Current 
practice 


Average 4.7 2000 
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to affect the whole breed even as much 
as was done by many of those animals 
shown in Table II. Registrations are 
somewhere near 100,000 a year. Very 
few bulls could be expected to have as 
many as 40 or 50 sons and daughters 
registered each year. Even a_ bull 
which gets to be so popular that many 
of his sons are used to head other herds 
will have had many sons and grand- 
sons used in grade herds and sent to 
the butcher long before the sire’s or 
grandsire’s fame reaches its zenith. 
Even if a bull were unusually long- 
lived and his sons and grandsons were 
widely sought to head other purebred 
herds, their offspring would be only 
grandsons and great grandsons of the 
original animal. If they were used in 
still other herds the percentage of genes 
which come from the original animal 
would be further halved with each in- 
tervening generation. By the time 
one has gone as many as five genera- 
tions from the original individual, the 
diluting effect of this outcrossing has 
reduced the individual’s contribution to 
the inheritance of its descendants to an 
insignificant level. 

The only way to avoid this continual 
diluting influence of outcrossing is to 
mate the descendants among themselves 
so that both mates are closely related 
to the original animal deemed so de- 
sirable. This is the essence of line- 
breeding, to preserve the relationship 
to the desired ancestor and at the 
same time to allow relationship to 


other less desired ancestors to be 
diluted as much as possible. 
Unless many different sons and 


daughters are saved, linebreeding to 
the original animal will in a few gen- 
erations involve linebreeding to some 
other ancestors not thought so desir- 
able. Other circumstances which make 
consistent linebreeding difficult are the 
heavy advertising of other sires or fam- 
ilies which often makes it seem good 
sales policy for a breeder to keep his 
herd related at least a little to all the 
currently popular sires or families in 
the breed, a general failure to under- 
stand what linebreeding can do, and a 


| 
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generally too great confidence in one’s 
ability to combat the diluting influence 
of outcrossing simply by selection 
among the descendants. 

Were prevailing breeding systems to 
change so that linebreeding became al- 
most the universal practice, and out- 
crosses were made only under the lash 
of stern necessity to prevent fixing im- 
portant defects, strains might be built 
up so closely related and so multiplied 
in numbers that (if of high individual 
merit) they could be used for top- 
crossing on practically the whole breed 
somewhat as the “straight Scotch” 
Shorthorns have affected the beef Short- 
horns in the United States, or as the 
“straight-bred Anxiety 4th” Herefords 
are being used by many Hereford 
breeders today. Thus the individual 
animals at the basis of such strains 
might have an opportunity to affect the 
whole breed more markedly than was 
done by the animals listed in Tables 
Il and III. Under the present usual 
breeding systems that seems impossible. 
Progress is largely limited to the extent 
that the breeder can control character- 
istics by simple mass selection or at 
most by selection based on the individ- 
ual’s progeny and its other close rel- 
atives. 

The observed inbreeding and re- 
lationship coefficients show that a little 
linebreeding and family formation is 
actually going on in the breed today. 
However the inbreeding coefficients are 
so very little higher than might be ex- 
pected from the average inter se reia- 
tionship that the building of such fam- 
ilies evidently is an exceptional process 
among breeders. The families rarely 


get far on the road toward differentia- 
tion from each other before they are 
outcrossed and blended again. 


Conclusions 


1. The coefficient of inbreeding of 
the breed has risen to a little over four 
per cent in the ten generations from 
1881 to 1928 or 1931. 

2. In the same period the average 
inter se relationship has risen to 3.4%. 
There is a faint tendency for the breed 
to form into separate families but this 
family separation is not carried far, 
presumably because the more popular 
families are soon used for outcrossing 
on the others and the less popular ones 
are discarded entirely or are outcrossed 
with sires from other families. 


3. The cow, De Kol 2nd, has 
exerted more influence on the breed 
than any other individual. She has 


probably furnished about one tenth of 
the genes of the breed today. The im- 
portance of contributions from other 
individuals is discussed and shown in 
two tables. 

4. The average interval between 
generations is about four and one-half 
years. 

5. The high producers of the breed 
and the outstanding show specimens do 
not differ much from the breed average 
in their inbreeding or in their relation- 
ship to remote ancestors. These special 
groups do show a higher relationship 
to a few recent ancestors. This is 
especially true of the show winners and 
perhaps may result as much from the 
fact that only a limited number of herds 
compete in the show-ring as from any 
biological basis. 
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THE LIVING FUTURE 


ND she said: “I have heard it said 
that it was our duty to sacrifice 
ourselves for the men and women living 
in the world at the same time as our- 
selves ; but I never before heard that we 
had to sacrifice ourselves for people 
that are not born. What are they to 
you? You will be dust, and lying in 
your grave, before that time comes. 
If you believe in God,” she said, “why 
cannot you leave it to Him to bring 
good out of all this evil? Does he need 
you to be made a martyr of? or will 
the world be lost without you?” 

He said: “Wife, if my right hand be 
in a fire, shall I not pull it out? Shall 
I say, ‘God may b ing good out of this 
evil,’ and let it burn? That Unknown 
that lies beyond us we know of no 
otherwise than through its manifestation 
in our hearts; it works no otherwise 
upon the sons of men than through 
man. And shall I feel no bond binding 
me to the men to come, and desire no 


good of beauty for them—I, who am 
what I am, and enjoy what I enjoy, 
because for countless ages in the past 
men have lived and labored, who lived 
not for themselves alone, and counted 
no costs? Would the great statue, the 
great poem, the great reform ever be 
accomplished, if men counted the cost, 
and created for their own lives alone? 
And no man liveth to himself, and no 
man dieth to himself. You cannot tell 
me not to love the men who shall be 
after me; a soft voice within me, I 
know not what, cries out ever, ‘Live 
for them, as for your own children.’ 
When in the circle of my own small 
life all is dark and I despair, hope 
springs up in me when I remember 
that something nobler and fairer may 
spring up in the spot where I now 
stand.”—ScHREINER, OLIvE. Trooper 
Peter Halket of Mashonaland. Boston, 
1897. Pp. 63-4. 


Personalized Race Hygiene 


This pamphlet,* addressed to teach- 
ers, outlines in simple terms the funda- 
mentals of selection, inheritance, racial 
characters, and the principles of racial 
hygiene as applied especially to the 
preservation of the integrity of the 


German people. The final section, en- 
titled “.. . . And You?” stresses with 
considerable emotional appeal the im- 
portance to the race of the way of life 
which the individual chooses to follow 


in the light of his own genetic make-up. 
Cook. 


*Fetscuer, R., Prof. Dr. Med. Rassenhygiene (Racial Hygiene). 
9 inheritance charts. 


55 pages, 17 tables, 


Price, RM 1.30. Durr’sche Buchhandlung. 


FLEXED-TAILED PEROMYSCUS* 


R. R. Huestis and Bartot 


where of the appearance of 

crooked tailed individuals in 
broods produced by mating normal 
tailed Peromyscus sibs. he character 
resembles flexed tail in Mus in enough 
particulars to make it seem possible that 
we have here another instance of parallel 
variation in the two genera, and we 
have provisionally given it the name 
“flexed-tail.” In the interim we have 
gathered enough data to warrant a pub- 
lished record. 


Origin of the Character 


The first flexed tailed individuals were 
a pair of young found in a brood in the 
third generation of a P. maniculatus 
gambeli rubidus hybridization experi- 
ment. All affected young can be traced 
to three parent mice: two P. m. gambeli 
females trapped at Silver Lake, and one 
P. m. rubidus male taken on the sand 
dunes at Coos Bay, Oregon. Since the 
male was mated with a number of other 
females and did not throw flexed tailed 
young among the descendants of any of 
them it seems probable that one or other 
of the gambeli females was heterozygous 
for the character in question. Comment 
is made upon this situation because of 
the fact that all the new characters which 
are recorded among the descendants of 
western geographic races of Peromyscus 
can be traced back to wild mice, and 
especially to wild P. m. gambeli, rather 
than to mutations which have probably 
occurred in captive descendants. Since 
relatively few wild mice have been 
genetically tested the incidence of car- 
riers of new recessive genes in Peromy- 
scus appears to be high. There is here 
a reservoir of material for mammalian 
genetics that deserves a greater exploita- 
tion. 


A BRIEF report has been made else- 


Description of the Character 

Figure 8 contains drawings of a nor- 
mal tailed Peromyscus and some of the 
flexed tailed mice obtained earlier in the 
investigation. We have since obtained 
individuals in which the flexure is much 
more pronounced. As in the case of 
flexed-tailed Mus the character is quite 
variable. Any part of the tail may be 
affected but bends of the distal half of 
the tail tend to become more pronounced 
than proximal ones. Flexures tend also 
to be in a horizontal plane but may de- 
part from this. In addition to flexure 
there is sometimes sufficient torsion to 
allow the white normally ventral surface 
of the tail to be seen from a dorsal view 
(Figure 8, lower right). Not infre- 
quently the distal portion of a tail may 
be broken off leaving a lumpy cicatrix. 

As may be observed in Figure 9, tail 
flexure involves a shortening and twist- 
ing of individual vertebrae. This latter 
effect may be so extreme that the verte- 
bral epiphyses have their edges in appo- 
sition. In addition to distortion of in- 
dividual vertebrae there may be an ab- 
normal alignment at the intervertebral 
joint. No histological investigation of 
this point has yet been made but dis- 
turbance of alignment is noticeable in 
gross observation and possibly may ac- 
count for the torsion already mentioned. 
The joint is immovable, and when han- 
dled by the tail flexed tailed mice at- 
tempt to bite as though the handling 
pained them. 

Flexed tailed young tend to be smaller 
than normal sibs from the same litter, 
but they do not appear noticeably anemic 
at birth. We have made no blood counts 
yet because affected mice have had a 
high death rate and we were unwilling 
to sacrifice potential breeding animals 
until the genetics of the character was 


*This research has been supported by grants from the State System of Higher Education 
and the National Research Council. 
: tUniversity of Oregon (Eugene, Ore.) and Cranbrook Institute of Science (Bloomfield 
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VARIATIONS IN FLEXED-TAILED 
CHARACTER 
Figure 8 


Tails of adult and of young flexed-tailed 
Peromyscus compared with a normal tail 
(upper left). The flexed-tailed character is 
inherited and appears to be due to the action 
of two recessive genes, both of which must 
be present in duplicate to produce a_ flexed 
tail. Drawings by Frances Helfrich, Univer- 
sity of Oregon Art School. 


rather more completely disposed of. In 
addition to the death rate flexed-tailed 
females have, with two exceptions, failed 
to produce young although the males 
have proved to be quite fertile. 

As in the case of the house mouse this 
tail character appears to overlap the nor- 
mal condition since it varies from a pro- 
nounced to a slightly flexed condition 
which upon later examination may be 
listed as normal. While this may be due 
to a prior error in identification we have 
considerable evidence that there is a 
tendency for slightly flexed tails to 
straighten somewhat as the animal gets 
older. Pronounced flexures, on the 
other hand, especially at the end of the 
tail tend to become more pronounced 
with increasing age. Peromyscus are 


very active animals and sometimes get 


ANATOMY OF FLEXED-TAIL 
Figure 9 


Tail vertebrae of flexed-tailed Peromyscus, 
with soft tissue removed to show the dis- 
tortion of the vertebrae. The flexing tends 
to occur more frequently toward the tip of 
the tail, and to be in a horizontal plane. 
Drawings by Marjorie Miller, University of 
Oregon Art School. 


their tails broken. This produces a pos- 
sible, although a not very common, 
source of error. 


Genetic Results 


Most of our data have been obtained 
by mating flexed tailed males with un- 
flexed brown females and interbreeding 
the F,; progeny. These and a few other 
data are summarized in Table I. Sexes 
are not itemized since there are approxi- 
mately as many females as males among 
both normal and affected individuals. 


TABLE I.—Matings of Flexed-Tailed Peromyscus 
and Distribution of Progeny. 


Parentage Progeny 
wild type | brown | flexed | flexed 
Nonflexed « flexed 107 -- -- - 
exp. 107 -- oo 
Het flexed» het flexed 168 -- 45 -- 
exp. 158 -- 53 -- 
Het flexed « flexed 15 -- ll 
exp. 13s -- 1s 
Flexed flexed -- -- 

(3 broods) 

exp. -- eo 
Flex.= brown F,* F, 86 24 20 5 
exp. 76 25 2s 8 
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While not impressive the results ap- 2. The character, which may overlap 
pear adequate for the tentative conclu- the normal condition appears to be due 
sion that flexed-tail is due to two re- to the two recessive genes. 
cessive genes, since the relative discrep- 3. There is evidence that the genes 
ancy from expected number of flexed- for flexed-tail assort independently of 
tailed young may reasonably be inter- those for brown coat color in Peromy- 
preted as due to errors in identification, scus. 
and some lack of viability. As far as 
they go the data give the le be that Literature Cited 
the genes for the flexed tail assort inde- CLARK, F. H., 1934. Inheritance and link- 


age relations of a new recessive s tting in 
pendently from those for brown coat if. house mouse. Genetics 19: 365-393. 


color. Ry R. R. and Evizasetu Barto, 1935. 
ecessive genes in geographic races of Pe- 
Summary romyscus. Amer. Nat. 69: 


1. Inherited shortening and distortion Hunt, H. R., R. Mrxter and S. PERMAR, 
of caudal vertebrae with disalignment 1933. Flexed tail in the mouse Mus Musculus. 
and ankylosis of the intervertebral joint C¢étics 18: 335-366. 

Kamenorr, R. S., 1935. Development of 


has been described in Peromyscus and the flexed-tailed mouse. Jour. of Morph. 58: 
tentatively given the name flexed tail. 117-155. 
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Increase in Patients in Mental Hospitals 


N increase of 12,752 in the number general paralysis. The Bureau’s sta- 
of patients in public and private tistics cover the mental patients in 170 
mental hospitals in the United States state hospitals, 16 Veterans’ hospitals, 
during 1933 is reported by the Federal 69 county and city hospitals, and 227 
Census Bureau in a summary of its last private hospitals, making a total of 483 
(decennial) enumeration, published on hospitals and covering all hospitals for 
August 15. Of the 435,571 patients on mental disease in the country except 
the books of these institutions on Janu- a few small county and private institu- 
ary 1, 1934, 389,500 were resident pa- tions from which reports could not be 
tients and 46,071 were on parole or obtained. 
otherwise absent. The first admissions A 96 per cent increase in the number 
to these hospitals during 1933 totaled of patients in institutions for mental 
94,689, the principal psychoses repre- defect and epilepsy over the previous 
sented among first admissions being as general census of those classes taken 
follows: dementia praecox, 17,789; eleven years ago is shown by the latest 
manic-depressive psychoses, 12,085; enumeration of the Federal Census Bu- 
psychoses with cerebral arteriosclerosis, reau announced last June. Of the 
8,773; senile psychoses, 8,052; general 106,764 patients on the books on De- 
paralysis, 7,166; alcoholic psychoses, cember 31, 1933, 93,150 were resident 
4.651. Dementia praecox was the most in the institutions and 13,614 were on 
frequent type of psychosis in each class parole or otherwise absent. Of the 
of public hospitals, while the manic- 12,028 first admissions of the two 
depressive was the largest for the pri- classes during the calendar year 1933, 
vate hospitals, with dementia praecox 6,600 were males and 5,428 females. 
second. In state hospitals the second The group classification of first admis- 
largest group was manic-depressive; in sions was as follows: mental defectives, 
the county and city the second largest 8,832; epileptics, 2,446; both mentally 
was the senile group; and in Veterans’ defective and epileptic, 1,476.—Mental 
hospitals the second largest was that of Hygiene. 


A SEEDED MUTATION IN A NORMALLY SEEDLESS GRAPE 
Figure 10 


Bunches of the seeded mutation of the Panariti grape (A) and of the normal form of 
this grape (B) are shown above. Below is shown a plant on which this mutation appeared. 
The variant cane producing the seeded fruit in 1934 is shown above, and a normal cane 
branching out to the left from this below. This photograph was taken in 1935, the year 
following the first observation of this mutation. The mutant form can be propagated 
by cuttings or budding. It has no commercial value, as the Panariti is used for pro- 
ducing the seedless raisins which are called commercially “currants.” 
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A SEEDED* MUTATION OF THE 
PANARITI GRAPE 


F. N. HARMON AND ELMER SNYDER 
U. S. Department of Agriculture, Fresno, California 


HE Panariti (Corinthe Noir) 
grape produces the clusters of 
small seedless berries which are 
dried to make the “Zante Currants” of 
commerce. In the U. S. Experiment 
Vineyard at Fresno, California, during 
the season of 1934, one growing shoot 
of a Panariti vine produced two perfect 
clusters of large berries with seeds. Buds 
taken from this variant shoot were propa- 
gated on other vines and have produced 
during 1935 this same type of clusters 
with seeded berries, which would indi- 
cate a definite somatic mutation. Rela- 
tively few grape mutations are definitely 
known. This may be due to the non- 
reporting of such mutations, the lack of 
intensive observations, or to difficulties 
encountered in observing the fruit of the 
vine when covered with dense foliage. 
A survey was made in 1934 of some 
commercial Panariti vineyards, where 
the large seeded mutation was found in 
various forms. Some vines produced en- 
tirely the seeded mutation, while other 
vines were found with some canes, sec- 
tions of canes, or sections of growing 
shoots producing entire clusters of seed- 
ed berries. Many vines had fruit with 
the large seeded berries mixed with the 
small seedless berries on the same clus- 
ters. A mixture of types of fruit of spe- 
cial interest was found on one cane. This 
cane had the seeded fruit produced at 
nodes 1, 6, 7, 9, 10, 11, 12, 13, and 14. 
Normal seedless fruit was produced on 
this same cane at nodes 3, 5, 6, and 8. 
It will be noted that at node 6 both nor- 
mal and variant fruit were produced. 
Most nodes produced two shoots but only 
at node 6 was the fruit of the two shoots 
dissimilar. 
There is no apparent difference in fol- 


iage, blossoming season, or floral parts 
between the variant and normal Panariti. 
With the development of the berries, 
however, the variant seeded fruit soon 
takes on an oval shape and a progressive- 
ly greater size, while the normal berries 
remain spherical in shape and of small 
size. The greater size and oval shape of 
the variant form is apparently due to the 
development of viable seeds. In Figure 
10a cluster from a variant shoot is shown 
(A) in comparison with a normal clus- 
ter (B). The seeded berries averaged 
3.6 times greater in weight than the nor- 
mal seedless berries. The seeded muta- 
tion averaged 2.44 seeds per berry. 
Germination tests proved the seeds viable 
and many seedlings are now being grown 
for a fruiting record. The normal fruit 
ranged from 26 to 28 Balling scale in 
sugar, while the seeded variant varied 
from 19 to 24 Balling scale. 

Observations and progeny readings 
have indicated that the seeded mutation 
is carried over in vegetative propagation. 
Variant vines and shoots observed dur- 
ing 1934 produced the typical seeded 
fruit during 1935. The 1935 fruit crop 
of a variant cane which produced seeded 
fruit in 1934 is shown in Figure 10 C. 
Buds were taken from six of the variant 
vines and grafted into the tops of other 
vines. These buds produced fruiting 
shoots during 1935 and in all cases buds 
from variant shoots produced the seed- 
ed fruit while normal buds produced 
the normal seedless fruit. 

Our data show that this Panariti with 
large seeded berries has arisen as a mu- 
tation and will reproduce that character- 
istic when vegetatively propagated. This 
new type may have some use in breeding 
work, but commercially it is a decided 


* Seeded is used in this article to mean with viable seeds. 
+ Mr. O. W. Jarvis, of Fresno, California, brought to our attention many of these variations 


in commercial vineyards. 
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detriment since the Panariti is important 
only as a producer of currant type, or 
seedless, raisins. As this mutation can 
only be recognized during the fruiting 
season, mutant vines, canes, or shoots 


of Heredity 


should be marked for elimination, and 
cuttings or bud wood for new Panariti 
vineyards should be selected from vines 
or canes producing only the typical seed- 
less fruit. 
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A NOTE ON DOMINANT WHITE AND 
CREST IN POULTRY 


Flecks and Comb Shape Make Possible Identification of Heterozygotes 


A. E. Branpt* 
lowa State College 


SPOTTED FEATHERS FROM COCK HETEROZYGOUS FOR DOMINANT WHITE 
Figure ll 

The white of the Leghorn has been considered completely dominant to other colors in the 
fowl. This view must be modified if we examine crossbred fowls closely. Above are 
shown feathers from various parts of a cock known to be heterozygous for Leghorn 
white or “pile,” as it is called by breeders. Note the colored spots of the feathers. 
Purebred leghorns do not have these spots but crossbred fowls, heterozygous for pile, 
generally show some flecks of color in the feathers. 


ROFESSOR R. A. FISHER, by _ sives in the wild, so that the heterozy- 
Pircossing domestic with wild or gous individuals from these crosses can 
jungle fowls, has demonstrated be distinguished from the homozygotes 
that some mutations which behave as_ with ease. He has reported on bar, 
dominants in the domestic fowl be- feathered feet, polydactyly and crest, 
have as semi-dominants or as reces- and has discussed the theoretical as- 


*Assistant Professor of Mathematics and Statistics, lowa State College, Ames, Iowa. Re- 
search worker at Galton Laboratory, University College, London University, from October, 
1934, to September, 1935. Acknowledgment is due Professor Fisher for his kindness in pro- 
viding the opportunity for making the observations on which this paper is based. 
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FEATHERS FROM BIRDS HOMOZYGOUS AND HETEROZYGOUS FOR 
DOMINANT WHITE 
Figure 12 


Pairs of comparable feathers are shown from a hen known to be heterozygous for 
dominant white, and from a pullet probably homozygous for the character. The paired 
feathers were pulled from comparable regions on the two birds, the feather from the 
heterozygous fowl being on the right. In the homozygous bird no pigmented spots are 
found. These spots or flecks of color in the feathers or crossbred fowls make it pos- 
sible to distinguish birds heterozygous for the pile character from pure breeding birds. 
It has been observed that these flecks are not found on the first set of feathers appear- 
ing on the growing chick. The second feathers do show the flecks, so that heterozy- 
gotes can be detected fairly early in life. 
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pects and the way in which these re- 
sults fit in with his theory of the evo- 
lution of dominance.* 

Dominant white, or pile, as it is 
known by the breeders of modern 
games, is one of the mutations which is 
being tested by crossing back to the 
jungle fowl. Concerning this pattern, 
Professors Punnett and Pease of Cam- 
bridge University have stated that the 
breeders of pile birds, for show, cross 
back to the wild pattern to get the de- 
sired amount and intensity of the red or 
chestnut. On the basis of this infor- 
mation, it was assumed that in the 
homozygotes the area of red would be 
reduced or the intensity of the red be 
lessened or perhaps both. One pullet 
hatched in 1934 proved to be much 
lighter than the other hens. In her 
case the red is so restricted in area and 
intensity as to show merely as a sandy 
shading on neck and breast. Conse- 
quently she was retained for a progeny 
test as to homozygosity but, unfortu- 
nately, did not get tested this year. Of 
two cocks from the 1934 broods, one 
proved to be heterozygous and was de- 
stroyed; the other died before any of 
his progeny hatched, which was very 
unfortunate for he proved to be homo- 
zygous. He did not differ noticeably 
from the proven heterozygote as to 
amount or intensity of red, so his skin 
was not kept. 

Some weeks later while examining 
the old pile cock, known to be heterozy- 
gous for pile, I noticed small spots or 
dashes of black on the wing and tail 
primaries. Little was thought of this 
at first except to wonder if it might be 
the same thing as described by Sere- 
brovsky.* Further interest was awak- 
ened, however, when it was found that 
the light colored pullet had no spots 
and that the darker hens did, thus giv- 
ing rise to the hypothesis that this 
spotting might prove diagnostic for 
the heterozygote. The remaining cock 
for 1934 was examined before being 
destroyed, and proved to have the 
spots. As stated before, his first brood 
proved him to be heterozygous. We 
then realized how unfortunate it was 
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that the skin of the proved homozygote 
had not been saved. 

White leghorns and crosses of white 
leghorns with colored breeds, other 
than barred, were examined by Pro- 
fessor Fisher and myself in Professor 
Pease’s flock at Cambridge, by me in 
the flock at the Harper Adams Agri- 
cultural College, and by Dr. K. Mather 
in the flock at the Reese Health Agri- 
cultural School near Nantwich, Che- 
shire. None of the pure bred white 
leghorns had any spots but all of the 
crossbreds had them. 

The spots do not appear in the first 
chick feathers but do appear in the 
second, so that the heterozygotes can 
be distinguished rather early. In the 
areas occupied by black feathers in the 
wild pattern, only black spots appear 
in Professor Fisher’s heterozygous pile 
birds, while in those areas occupied by 
red, both red and black spots are found. 
Figure 11 is from a photograph of 
feathers taken from various regions on 
a cock known to be heterozygous for 
pile. The nature and extent of the 
spots are shown quite clearly. In Fig- 
ure 12, comparable feathers from a hen 
known to be heterozygous for pile, and 
from the pullet probably homozygous 
for pile, are shown. The feather to the 
left in each pair is from the pullet and 
the other from the heterozygous hen. 

It is proposed then, that these spots 
or flecks of color enable one to distin- 
guish birds heterozygous for dominant 
white or pile from those that are ho- 
mozygous. Dominant white, then, is 
semi-dominant, at least against a wild 
background. 

Professor Fisher? has pointed out 
that in his crested stock, produced by 
crossing White Silky bantams with 
jungle fowls, those birds homozygous 
for crest have a pronounced cranial 
hernia, and the heterozygous ones have 
the crest but no hernia. The hernia is 
present at hatching but the crest is not, 
so that the birds homozygous for crest, 
are easily picked out. The heterozy- 
gous and homozygous non-crested 
birds cannot be distinguished, there- 
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fore, until about 12 weeks of age when 
the crest appears. 

In adult single comb birds, heterozy- 
gous for crest, the comb is apparently 
the same size as in noncrested single 
comb birds, but the attachment to the 
head is shortened about a third. This 
posterior third has a _ characteristic 
droop to one side and forward. This 
shortening of attachment and charac- 
teristic position of the rear part of the 
comb are easily seen in day old chicks. 


Thus it is possible to distinguish the 
three classes (homozygous crested, ho- 
mozygous non-crested, and _ heterozy- 
gotes) at hatching, in Professor Fish- 
er’s wild stock. 
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THE MOST DIFFICULT TASK 


T unfortunately seems to be true that a 

law of diminishing return holds for 
scientific research. A small amount of time 
and effort will at one time yield an enor- 
mous result, while in a second instance 
time and effort a hundred, yes, a thousand 
times greater, will yield but a fraction of 
the earlier return. Surely in terms of time 
spent the geometry of Euclid, the celestial 
mechanics of Galileo, the laws of heredity 
of Mendel were not stupendous. What 
philanthropic foundation would not give its 
entire resources if it could thereby assure 
a modern discovery as important as one 
of these? Such, however, cannot be as- 
sured. The insurance company has not yet 
been established that guarantees valuable 
outcomes to research. It probably never 
will be; but society in the aggregate may 
well take the risk and underwrite research 
here, there, and in many places, confident 
that in the long run the return will be 
munificent. It does not seem that any 
quantitative rule for the division of funds 
between maintenance and research en- 
deavors can be adopted, but with the bril- 
liant last century behind us any procedure 
niggardly to research would be foolish. Or- 
ganized and professional research can be 
overdone, and moneys devoted to it poorly 
spent. This is to be expected, for in its 
very nature it is difficult to establish a mill 
for its accomplishment. Probably no sub- 
sidy, however great, could stimulate even 
Euclid, Galileo, or Mendel, to make second 
contributions of equal moment with their 
first. Does it seem sordid to think of these 


great steps in human evolution in terms of 
money? If your answer is yes, I would 
ask you to reflect that within a decade 
epochal discoveries in chemistry, medicine, 
and other fields have very literally been 
bought and paid for. Uncertain though it 
be, real research can be subsidized, and we, 
the gainers, should be thankful that it is so. 
* * * Tf the product is still-born, we are 
not fortunate; if a monstrosity, it may 
take much social agonizing before it is 
given its lethal dose. (Bewildered Russia is 
today in the throes of cutting, cauterizing, 
and patching a monstrosity with the hope 
of saving its life.) And if, as is rarely the 
case, the product is a fine healthy mutation 
which can endure, we are indeed blessed. 
Research that is worthy the name is the 
most difficult task that society has differ- 
entiated out from the total field of human 
activity and called upon certain of its mem- 
bers to perform. To die in war, to dedicate 
one’s life to a religious cause, demand great 
human virtues; but they are known virtues, 
whereas to be original in a worth-while 
manner is a mystery, It is as easy and as 
predictable as that one should search for 
and find the Holy Grail. 

I have tried thus far to convey two ideas: 
first, that the odds that called-for research 
will be fruitful are greatly against us; and 
second, that the odds are well worth tak- 
ing, for when it is successful the winnings 
are great. * * *—TruMAN Lee KELLEy, Sci- 
entific Method. Pp. 2-4. Ohio State Univer- 
sity Press, Columbus, 1929. 
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FROM WEATHER TO QUADRUPLETS 


Reviews of Three Books on Human Heredity and Environment 


THE WEATHER IN DISEASE 


OLUME III of this series* was 

published first, Volume II next, 
and Volume I has not yet appeared. 
It is stated in the prefaces of the two 
published books that the first volume 
will be published in two parts, the first 
containing “a superficial survey of 
what might be termed “Hippocratic 
America.” It is an interpretation of 
disease localization—of mass reaction— 
and of possible mass differentiation 
predicated largely on the continued 
effect of meteorological factors in 
bringing about stimulation, overstimu- 
lation, fatigue and death, the varying 
effects becoming apparent in every 
shading of organ function and dysfunc- 
tion—in every psychic, in every physi- 
cal, and, as Huntington has clearly 
demonstrated, in every economic and 
social sphere as well.” In the second 
part an attempt has been made to show 
“that the perfectly normal individual is 
constantly reacting to the meteorolog- 
ical environment in a chemical and 
endocrine rhythm that is conditioned by 
the state of the gaseous envelope in 
which he lives.” 

Volume II contains observations on 
those who are unusually sensitive to 
environmental changes, those who be- 
cause of excessive autonomic instabil- 
ity which has been either inherited or 
acquired early in embryonic life, do not 
readily accommodate to chemical and 
endocrine metabolic swings, and who 
are “vegetatively stigmatized” (von 
Bergmann). The effect of meteorolog- 
ical alterations is emphasized in a wide 
variety of conditions including focal in- 
fections, headaches, epilepsy, eclampsia, 
mucous colitis and gastric ulcer, neu- 


roses, urticaria, asthma, arthritis, glau- 
coma, alopecia areata, and in certain 
disorders of the ears and teeth. The 
reactions of the vascular apparatus and 
the role of anoxemia are brought into 
the foreground. 

Several types of clinical examples are 
described with the cases worked up and 
the essentials presented in graphs 
which include physical, chemical, me- 
teorological and psychological data ar- 
ranged to bring the facts obtained from 
the different aspects of the disorder in- 
to relationship. The central idea is to 
indicate how the symptoms of the pa- 
tient have been released or aggravated 
by alterations of barometric pressure, 
and changes in temperature and humid- 
ity. 

Volume III is presented in three 
parts. The first is devoted to more 
general discussions of the psychiatric 
problem, the difficulties encountered in 
studying mental disorders, and the 
possible meteorologic conditioning fac- 
tors in producing the symptoms. The 
second part deals with clinical material. 
A number of cases are presented in 
detail. These cases include examples 
of episodes as found in dementia pre- 
cox, manic repressive psychosis, reac- 
tive depressions, paranoid states and a 
variety of borderline and mixed reac- 
tions. While the author stresses en- 
vironmental changes in the release of 
psychotic episodes he emphasizes that 
there is always a series of condition- 
ing factors. “In ‘Constellation Pathol- 
ogy’ there is expressed the concept that 
the causes of dysfunction must reside 
in a series of forces.” The third part 
offers a brief consideration of nervous 


*Peterson, Wm. F., M. D. The Patient and the Weather: Volume II—Autonomic Dy- 
sintegration pp. 530 and Volume III—Mental and Nervous Diseases pp. 375. Ann Arbor, 


Mich. Edwards Brothers, Inc. 1934. 
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diseases as such, and a few selected in- 
vestigations into multiple _ sclerosis, 
tabes and paresis, poliomyelitis, and 
epidemic meningitis, are given “to illus- 
trate that diseases of the nervous sys- 
tem reflect environmental alterations 
just as do all other diseases with which 
the physician has to deal.” 

For many years, biologists, internists, 
and psychiatrists have been aware that 
cosmic environmental elements, prob- 
ably of many sorts, play a réle in the 
formation of the constitution of the 
organism, and its various reaction pat- 
terns, but any study of the literature of 
the past reveals the fact that very sel- 
dom has the meteorological part of the 
environment been taken into considera- 
tion in a scientific manner and accord- 
ing to a definite methodology. The au- 
thor of the present volumes has pre- 
sented a point of view, namely, the im- 
portance of the atmospheric environ- 
ment to the varying clinical expres- 
sions to autonomic dysfunctions, and 


+ 


has demonstrated a method of studying 
and relating these phenomena to the 
other aspects and findings in disease. 
The results of his investigations are 
significant, instructive, and suggestive, 
but the concept and method must be 
applied more extensively and tried out 
in a great variety of situations with op- 
portunities for comparisons and con- 
trasts in a large number of cases before 
the meaning of the numerous details 
becomes clear in terms of biological 
response, and the actual value of the 
studies established. 

The books contain a wealth of in- 
formation as to the indications of 
geographic distribution of diseases, 
pathologic changes in the tissues, and 
biochemical phenomena. There are 441 
illustrations, in the form of photo- 
graphs, clinical charts, weather maps, 
meteorographs, etc., and a number of 
bibliographic references. 

N. D. C. Lewis. 


Saint Elizabeth’s Hospital. 


ELEMENTARY GENETICS AND EUGENICS 


RITERS of elementary texts are 
W confronted by at least three se- 
rious problems. One is that of bring- 
ing the material into such simplified 
form of expression and terminology 
that it may be readily grasped by the 
average student. This has been well 
done in Fasten’s recent text.* The au- 
thor has written especially for the ele- 
mentary student who has only a little 
background in biology. A reasonable 
amount of necessary general biology is 
included for this reason. The technical 
presentation is in places somewhat 
meager, but on the whole may be near 
enough complete for the purpose. A 
certain amount of historical material 
adds interest to the various discussions. 

Another problem is that of keeping 
the statements accurate while attempting 


to keep the discussion brief and sim- 
plified. This has not been so well met. 
While most of the discussion of the 
basic principles of general biology and 
of genetics is accurate, attention should 
be directed to the apparent confusion 
in the discussion of pure lines. In 
places both self-fertilized lines and 
groups of individuals propagated vege- 
tatively, as by cuttings, have been con- 
sidered as “pure-lines.”” While prac- 
tically it might be considered that all 
the apple trees of a given variety con- 
stituted a “pure-line,” it seems to the 
reviewer that the term “pure-line” 
should be reserved for the multiple 
homozygotes such as the selfed lines of 
plants, or other long continued, closely 
inbred lines of plants or animals. The 
statement that, “modern biologists be- 


*FasTeN, NATHAN, Principles of Genetics 
and Company, Boston. 1935. 
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lieve that selection merely sorts out the 
distinctive pure lines of which a popu- 
lation is composed,” is only valid for 
the naturally self-fertilized plants such as 
Johannsen’s famous beans, the cereals, 
etc. It certainly does not apply to open 
pollinated plants like corn, or to any 
of our higher animals. It seems that 
the author has tried to combine several 
different ideas into one short discussion 
which has probably changed the mean- 
ing from that which he intended. The 
discussion of the mutation conception is 
unsatisfactory, no clear distinction be- 
ing made between gene mutations and 
mutations due to changes in the num- 
bers of pairs of chromosomes or other 
abberant chromosome behavior. The 
reviewer searched in vain for any ex- 
planation of or adequate discussion of 
inbreeding on the basis of genetics. 
This would seem to be a serious omis- 
sion. Even though inbreeding or incest 
is not countenanced in human society 
today, and so has only a small negative 
role in eugenics, the subject is neces- 
sary to an understanding of the prin- 
ciples of genetics and there should be 
enough academic interest attached to 
the subject to warrant a discussion of 
it from the theoretical side. While no 
pretense has been made of preparing a 
guide to be used by breeders in apply- 
ing genetics to the improvement of 
plants and animals, one chapter is de- 
voted to a discussion of how this is 
being done. This is the poorest part 
of the text. It is confusingly written 
and in the reviewer's opinion would 
have better been omitted. 

The third problem is that of building 
up the subject in such order of pre- 
sentation that the necessary preparatory 
information has a chance to function. 
Probably every teacher has his own 
ideas as to the proper order of pres- 
entation of the subject matter. It 
seems to the reviewer though, that some 
things are undoubtedly out of their 
proper order in this text. It seems 


illogical to discuss at length the con- 
troversial subject of the inheritance of 
acquired characters prior to any dis- 
cussion of the cell, of sex determination, 


and of Mendelian heredity. It is hard 
to reconcile the discussion of genic 
balance in sex determination, multiple 
crossing over, and chromosome maps 
ahead of the chapters on Mendelian 
principles of heredity. The chapter on 
the scope and need of genetics seems a 
strange place to find the discussions 
of maternal impressions and telegony. 
Too much emphasis has been placed on 
some relatively minor and not enough 
on the more important subjects. 

Most of the illustrations serve their 
purpose excellently. An exception to 
this statement is the picture of the al- 
leged human gynandromorph. Another 
exception is that of the human germ 
cells. A photograph of a living ovum 
from some mammal would have been 
better. Published illustrations are avail- 
able for several species. A photograph 
showing both ovum and spermatozoa 
from the rabbit could easily have been 
prepared in any biological laboratory 
with the aid of an expert photographer. 
It would also seem valid to suggest 
that, in view of the fact that this text 
has been written from the standpoint of 
Homo sapiens (which species happens 
to be a mammal), illustrations of the 
structure of the mammalian reproduc- 
tive glands would have been at least as 
pertinent as the drawings of other 
endocrine glands presented. The in- 
clusion of over a dozen portraits of 
noted workers in the biological fields 
concerned with genetics and eugenics 
is a welcome diversion from the usual 
type of illustrations in textbooks. 

A glossary of 23 pages is included. 
Besides a large number of words used 
directly in genetics and eugenics, many 
words which have only an indirect bear- 
ing are included. This list does not 
show evidence of as much care and 
thought as was given to the main text. 
While there are not many serious er- 
rors, the definitions frequently lack that 
descriptive accuracy expected in such 
a list. As example, “embryology” is 
given as: “The branch of biology that 
deals with the development of the indi- 
vidual before birth, that is, before it 
reaches the adult stage.” Much of the 
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study of embryology is made on ma- 
terial of species with which the term 
“birth” is never used. In mammals, it 
would seem strange to have “the adult 
stage” mark off the end of the period 
of embryological development. Espe- 
cially because the text is written direct- 
ly for elementary students, the glossary 
should be strictly accurate and not 
obscure. 

The whole text is written from the 
viewpoint of eugenics, with 80 pages 
devoted exclusively to this subject. The 
reviewer is unable to reconcile the en- 
thusiasm of the author for probable im- 
provement of the human species by 
eugenical means, with his pessimism in 
regard to possible application of genet- 


of Heredity 


ics to the breeding of farm animals. 
It is realized that the application of 
genetics to animal breeding up to the 
present time has been almost infinitesi- 
mal. Also, it is recognized why this is 
true. Most of the excellent breeds of 
fairly uniform animals are not the re- 
sult of application of genetic knowl- 
edge, but of long continued empirical 
selection for the desired types. Is it 
reasonable to suppose that it will be 
easier to put into application the smat- 
tering of genetic knowledge of the hu- 
man than the smattering of genetic 
knowledge of our farm animals? 
B. L. Warwick 

Texas Agricultural Experiment Station 


RADIOLOGICAL STUDIES OF THE SKELETONS OF 
TWINS, TRIPLETS AND QUADRUPLETS 


EADERS of the article by Dr. 
R Franz Buschke in the October, 
1935, JouRNAL OF HEREDITY 

wil Ifind much of interest in the earlier 
work* by the same author which deals 
with the same subject. This work an- 
nounces itself as a contribution to the 
problem of the human constitution chief- 
ly in relation to its phylogeny. Increas- 
ingly students of medical literature note 
a swing in the direction of the constitu- 
tion cult. While specialist and general 
practitioner alike are concerned with 
the effects of treatment and training in 
bringing mind and body to a maximum 
of health and efficiency, research work- 
ers in human biology occupy them- 
selves with the deeper-lying questions 
of how differences in germinal constitu- 
tion act to condition the development 
of the wide range of potentialities to 
be observed in the human race. In 
such studies a most rewarding body of 
data is to be found in identical and 
fraternal twins, and Dr. Buschke, thor- 


oughly imbued with the genetic view- 
point and trained as a roentgenologist, 
uses to great advantage his wide range 
of observations in its bearing on the 
reciprocal effect of heredity and en- 
vironment in the determination of indi- 
vidual differences. 

With Teutonic thoroughness he goes 
over the literature dealing with Men- 
delian inheritance, considers at length 
the chemical and physiological pro- 
cesses here involved, and outlines his 
method and the processes by which 
multiple births arise. He then points 
out in how far anatomical form and 
functional activity of the internal or- 
gans depend on hereditary factors as 
already set forth by various observers, 
adding that the skeletal system offers 
conditions highly suitable to the solu- 
tion of the many contentions which, re- 
main, particularly with regard to varia- 
tions in the function of the endocrines. 
For the analysis of the factors condi- 
tioning the form and mode of develop- 


*BUSCHKE, FRANz. 


Rontgenologische Skelettstudien an Menschlichen Zwillingen und 


Mehrlingen (Radiological Studies of the Skeletons of Human Twins and Multiple Birth 
Children) Fortschritte auf den Gebiete der Rontgenstrahlen Erganzungsband 46, Leipzig, 1934. 


A STUDY IN IDENTICAL TWINS 
Figure 13 


Six sets of twins who attend the same school at Dort Village in Goodwood Cape 
Province, South Africa. It would appear “by inspection” that four of these pairs are 
certainly identical, anl the fifth probably so. The boy-girl pair at the lower left would 
also appear to show a striking similarity in physiognomy were the expressions the 
same. One might suspect from this picture that the incidence of identical twins in 
South Africa is higher than in other parts of the world, where about half the twins are 


on the average of the identical variety. 


Photo from European Press Service. 


ment of the skeleton may settle the 
questions of whether we have here to 
do with factors which are primarily 
genotypic or those which are in great- 
er measure peristatic, and of the re- 
lation in which these two sets of fac- 
tors stand to one another. The endo- 
crines play so essential a role in the 
development of the constitutional type 
that they are never to be so set aside 
or even to be regarded as independent 
factors. Whether their influence is 
embryonic or post-embryonic is again a 
question of the balance among a great 
variety of factors, which may be re- 
solved, at least in part, by the rate and 
mode of ossification to be observed in 
the development of multiple birth chil- 
dren. 

Whereas formerly the condition of 
the chorion was regarded as decisive 
evidence of the mode of origin of twins, 
later observation has shown that twins 
which from other similarity tests are 
in all probability uniovular, neverthe- 
less developed in separate choria. Dr. 
Buschke therefore makes his diagnosis 
of the nature of the causal mechanism 
involved in their origin and the similar- 
ity or dissimilarity of their chromo- 


some material from other data, chiefly 
those to be found in the appearance 
and reactions of the growing individ- 
ual. He also regards the condition of 
the amnion as secondary in such deter- 
mination. Twins, triplets, and quad- 
ruplets which are startingly similar in 
all observable respects are to be regard- 
ed as genotypically identical. It is im- 
possible to imagine that individuals so 
much alike in a wide range of charac- 
teristics which depend for their expres- 
sion on the interaction of a great num- 
ber of genes could have originated 
otherwise than from the same chromo- 
some mass. 

In this study one set of quadruplets, 
three sets of triplets and 50 pairs of 
twins were investigated; of the latter, 
25 were diagnosed as uniovular, 18 as 
bi-ovular and 7 as partner-twins (male- 
female ). 

The rate and mode of development 
of the hands, feet, knees and elbows 
are shown in fifty plates accompanied 
by as many pages of description. To 
illustrate the points Dr. Buschke takes 
into consideration in reaching his gen- 
eral conclusions we translate the follow- 
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HEINRICH AND WILLY, Bi-ovuLAR TwINs, 
3% Yrs. 
Heinrich 

95 cm 

dark brown 
dark blonde 
brunette 


Willy 
95 cm 
light blue 
pale blonde 
Complexion blonde 


A cousin of the mother has twins totally 
unlike. 

Hands: Heinrich is quite noticeably in ad- 
vance. The haematum centre in his case has a 
diameter of 6 mm and over while Willy’s has 
a diameter of 3 mm. The radius epiphyses a 
diameter of 9 mm for Heinrich and for Willy 
a scant 5 mm. 

The metacarpal epiphyses 4 and 5 are far- 
ther developed for Heinrich. Vestige of a 
pseudoepiphyseal structure on the metacarpal 
II in the case of Heinrich, lacking on the left 
side. Lacking on both sides of Willy. 

Feet: Here, too, Heinrich is very conspicu- 
ously in advance. Cuneiform III has diameter 
of 11 mm, in Willy it is 4 mm. Heinrich al- 
ready shows many structural details. More- 
over on the left side the centre for cuneiform 
I and the navicular in a diameter of 2 mm is 
visible. The epiphyseal centres of metatarsal 
I are already plainly in evidence; in Willy’s 
case they are not to be seen at all on the left, 
on the right smaller than in the case of Hein- 
rich. 

With both boys there are considerable dif- 
ferences between right and left sides, in the 
sense that Willy’s right side is in advance of 
his left, while with Heinrich the contrary is 
the case. Accordingly a comparison between 
the right sides of the boys shows minimal dif- 
ferences, even though their left sides might 
show extensive divergences. 

Although both partners, on the 
whole are of the same size, they show 
considerable differences in the extent 
of ossification, Heinrich being in ad- 
vance. 


EstHer AND Rutnu, IpENTICAL Twins 
10 Years OLp 


Height, Esther, 141.9 cm, Ruth, 142.3 cm. 

Hands: Osteological development equal. 
The pseudoepiphyseal union with metacarpalia 
1 and 2 has proceeded to the same point, with 
metacarpalia 3 and 4 a vestige of the pseudo- 
epiphyses still demonstrable 

The form of the completed bones is similar, 
sesamoids are not visible. 

Elbows: Degree and order of ossification 
identical, particularly in evidence in the forma- 
tion of the trochlear centre, the centre of the 
olecranon and the epicondylus radialis. 

Knees: Complete concordance to form and 
development. 

Feet: Development is equal. In both cases 
there occurs unquestionably a distinct ossifica- 
tion centre of the proc. post. tali. In both 
harmonious, and at either side still not fused 
with the chief ossification centre. Sesamoids 
still undemonstrable. The form for the most 
part completely concordant. Even the slight 


Height 


of Heredity 


differences in the basal epiphyses of métatarsus 
I between right and left are with reference to 
both entirely harmonious. 

Development and degree of ossification are 
to the minutest details concordant (Pros. post. 
tali, olecranon, trochlea, epicondylus radialis). 

Thoroughgoing concordance in the complet- 
ed form. This is also true with reference to 
the ossification variants of the pros. post. tali 
in their concordant relations. 


Summary 


The results of radiological investiga- 
tion of 50 pairs of twins, 4 sets of trip- 
iets and one set of quadruplets are re- 
ported. 

Concerning form and structure there 
is concordance to the minutest details 
in the identical twins and a correspond- 
ing discordance in the fraternal twins. 
Along with this there is stili smaller 
degree of resemblance between the 
partners of a bi-ovular pair than be- 
tween two unrelated individuals of the 
same age and sex. 

The sequence of ossification pro- 
cesses is, in general, constant. Still 
here we must distinguish between what 
is to be regarded as statistically normal 
and what actually takes place in each 
human being as a variation from the 
norm. In such variations brothers and 
sisters tend to show a similar sequence 
in ossification though in such groups 
there occur discordances even in uni- 
ovular twins. 

The tempo of ossification in identical 
twins shows concordance; in fraternal 
twins discordance. Still such discord- 
ance is not very great because, in gen- 
eral, the tempo appears to be fairly 
closely determined in relation to age 
and sex. 

Peculiarities of ossification, qualita- 
tive variation, and double centers 
would appear to be concordant in iden- 
tical twins, discordant in fraternal 
twins. Still for conclusive proof the 
materials are insufficient. 

While general growth and rate of 
ossification are to be regarded as con- 
trolled by genetic factors, individual 
qualitative variations in the ossification 
and in the form of the completed bones 
are likewise determined by genetic fac- 
tors. 

WILHELMINE E. Key 
Somers, Conn. 
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